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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, James Komorowski, declare and state as follows: 



L I am one of the named inventors on the above-captioned patent application, and 
am familiar with the conients of the patent application, I am the Vice President of Technical 
Services & Scientific Affairs at Nutrition 21, Inc., the assignee of the above-captioned patent 
application. The research at Nutriiion 21, Inc. targets the metabolic diseases and disorders 
marketplace. 

2. 1 have reviewed the above-captioned application in its entirety, including the 
specification and claims. I have also reviewed the contents of the file history of the above- 
captioned application including each of the O&ioe Actions and all the references cited therein. 

3. I received a Bachelor of Arts degree in biology &om State University of New 
York and a M.S. in medical biology ftom Long Island Univeisity. 

4. I have extensive experience in investigating the role of chromium, bioUn, and 
other nutrients in ameliorating metabolic disorders, mcluding, among others, insulin insensitivity, 
I joined Nutrition 21, Inc. in 1997. From 1997-1999, 1 served as Senior Manager of Clinical and 
Regulatory Afiaiis. In 1999, 1 became Director of Product Development, and in 2001 moved to 
my curreni position as Vice President of Technical Services and Scientific Affairs at Nutrition 
21, Inc. Prior to my employ at Nutrition 21, Inc., I spent nine years in the pharmaceutical 
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industry, holding product raanagemeat, clinical research, and regulatory affairs positions at major 
pharmaceuticd companies. Additionally, I have worked for a number of years in academia a 
research associate at both New York Hospital for Special Surgery and Memorial Sloan-Kettering 
Cancer Center. 

5. Throughout the course of my career, I have completed more than 100 research 
studies, submitted over 10 regulatory submissions to the FDA, and am an mventor on over 12 
patents. I lead Nutrition 21, lnc.*s scientific research team. 

6. Since the 1990's 1 have woriceci in the field of metabolic diseases including type II 
diabetes and dyslipidemia. Several of the patents and patent applications on which I am a co- 
mventor relate to metabolic diseases including type II diabetes and dyslipidcmia. 

7. Many of the currently FDA approved drugs used for reducing hyperglycemia and 
stabilizing the levels of serum glucose are known to either not affect dyslipidemia or even make 
dyslipidemia worse, e.^., by increasing LDL levels. Several studies have demonstrated inefFicacy 
of anti-hyperglycemic drugs in treating dyslipidemia, 

8. A meta-analysis by van Wijk et al. ((2003), Arteriosckr Thromb Vase Biol. 2003 
23(10):1744-9)CExhibit A), reports the effects of rosiglitazone and pioglitazone, two insulin 
sensitizing medioations approved for the treatment of diabetes, for their effects on blood lipids 
e,g.y dyslipidemia. The analysis consisted of nineteen studies with 5,304 patients. Subjects 
receiving pioglitazone showed increased triglycerides and decreased HDL cholesterol levels. 
Further, subjects receiving higher dose of rosiglitazone (8 mg/d) showed a greater increase in 
total cholesterol and LDL cholesterol vrtien compared to patients that received a lower dose (4 
mg/d). These data illustrate that drugs that alleviate or treat diabetes do not necessarily alleviate 
or treat dyslipidemia. 

9. Metformin is one of the most widely-used medications for reducing 
hyperglycemia. A study by Robinson et al. ((1998) Diabetes Care. May;21(5):70l-5)(Exhibit B), 
analyzed metformin for its ability to improve glucose and lipid control, Robinson et al. report 
that metformin significantly improved glucose control, but had no significant effect on 
triglycerides or HDL cholesterol. 

) 0, Samaha et al conducted a study in.non-diabetic patients receiving rosiglitazone, an 
FDA approved drug for reducing hyperglycemia. Samaha et al. ((2006) Arterioscler Thromb 
Vase Biol. 26(3):624-30)(Exhibit C) foond that subjects receiving rosiglitazone had no 
significant chaise in HDL cholesterol levels and significantly increased total cholesterol levels. 
Fonseca et al. ((2000) JAMA. 283(13): 1695-1702)(Exhibit E) conducted a study in diabetic 
patients receiving rosiglitazone and observed dose dependent increases in total and LDL 
cholesterol levels afier rosiglitazone use. 

1 1 . The results of studies on the effects of different medications used for reducing 
hyperglycemia, such as those listed in 1i1I8-10, are summarized in a review by Clark et al. ((1998) 
Diabetes Spectrum, 11:4, pp. 211-221)(Exhibit D). Table 2 of Claric et al. lists several agents 
that can reduce hyperglycemia. In the row labeled "Plasma lipids in type 2 diabetes patients" 
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Clark et al. shows that the effect of hyperglycemic medications on plasma lipids ranges from 
positive, to no effect, to negative, 

12. Exhibits A-E illustrate the understanding of those in the field of metabolic 
disorders that agents that reduce hyperglycemia and stabilize flie levels of serum glucose will not 
necessarily or always also treat dysUpidemia and increase serum HDL cholesterol levels. 

13. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or botti, under Section 1001 of Title 18 of the United 
States Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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Thiazolidinediones and Blood Lipids in Type 2 Diabetes 

Jeroen P.H. van Wyk, Eelco LP. dc Koning, Edwin P, Martens, Ton J. Rabelink 

Ahstraci—V/^ evaluated study population characteristics and treatment effects on blood lipids between studies in which 
either rosiglitazone (RSG) or pioglitazonc (PIO) was investigated in patients with type 2 diabetes. We perfbimed a 
surnmaiy analysis of all published double-blind, placebo-controlled studies with RSG (4 and 8 mg/d) and PIO (15, 30, 
and 45 tng/d). Data were analyzed by the random-effects modeL Nineteen trials met our inclusion criteria, yielding 5304 
patients, 3236 in studies wi^ RSG and 2068 in studies with FTO. Subjects treated with PIO were more obese and showed 
more pronounced hyperglycemia and dyslipidcmia (increased triglycerides and decreased HDL cholesterol) at baseline 
than did subjects treated with RSG. By weighted linear-regression analysis, studies with PIO showed greater beneficial 
effects on triglycerides, total choltsterol, and LDL cholesten>l, after adjustment for the respective lipid levels at baseline. 
RSG S ragi^d showed greater increases in total cholesterol and LDL cholesterol than did RSG 4 mg/d. PIO 30 mg/d 
showed greater reductions in triglycerides than did PIO IS mg/d. Studies conducted with PIO showed more beneficial 
effects on blood lipids« but also different study population chaiacterlsdcs in oonqiarison with studies conducted with 
RSG. Differences in both pharmacologic properties between agents and smdy population characteristics are likely to 
have hifiiuenced the results. iArteriosder Tkromb Vase BioL 2003;23:1744-1749.) 

Key Words: thiazoiidinediotnes ■ rosiglitazone ■ ptoglita2ane ■ lipids ■ cardiovascular disease 



Thiazolidinediones (TZDs) are oral antihyperglycemic 
^ents ihai reduce in^in resistance in peripheral tissues 
and decrease hepatic glucose productioaJ TZDs are potent, 
syntfaetiG Uganda for peroxisome proliferaior-activated lecep- 
tor ganmia-Y (PPAR-7) acdvotion, which mediates the phys- 
iologic response by altering transcription of genes that regu- 
late glucose and lipid metabohsni.^ Currently, there are 2 
TZDs available: rosiglitazone (RSG) and pioglitazone (PIO). 
Trogliiazone has been retracted from The market because of 
substandally increased risk of severe hepatotoxicity.s-^ The 
clinical potency of TZDs is correlated closely wifli their 
t»^AR-7 binding affinity. RSG has a greater PPAR-y binding 
affinity than does PIO, which translates to a clinical dose that 
is '^U6Gi that of PIO>^ Accordingly, the maximum recom- 
mended dose of 8 mg/d RSG corresponds to the maximum 
recommended dose of 45 mg/d PIO, whereas the submaxi- 
mum dose of 4 mg/d RSG conespouds to the 30 mg/d 
submaximum dose of PTO. 

The antihypeiglycemic effects of RSG and PIO are well 
documented RSG and PIO bo\h demonstrate effecdve 
glycemic control when used as monottierapy or in combi- 
naiion with other andhyperglycemic agents.'-^^ TZDs also 
have important nonglycemic effects, such as modulation of 
lipid metabolism. It has been suggested that RSG and PIO 
differ in their effects on blood lipids and lipoproteins. 
Several studies have shown that treatment with PIO is 
associated with a greater beneHcial effect on blood lipid 



levels than treatment with RSO.'^'^^ Because dyslipidemia 
is an important risk factor for atherosclerosis, differential 
therapeutic modulation of lipid levels might confer a 
different level of protection from cardiovascular disease in 
patients with type 2 diabetes. 

Several factors need to be considered when intezprefing die 
effects of different TZDs on blood lipids. First, the di£G»- 
ences between RSG and FIO mighi be related to specific 
pharmacologic properties of these agents. It has been shown 
that at the same clinical dose, PIO is associated with greater 
FPAR-a activation than is RSG," PPAR-a is the main target 
for fibrates, a class of Hpid-lowering drugs, Mdiich mainly 
reduce triglycerides (TGs) and increase HDL cholesterol 
(HDL-C),i«'»P Second, it is well recognized diat the lipid- 
low^ing responses of fibrates and statins are enhanced in 
patients with more pronounced dyshpidemia at baseline,^' 
Baseline lipid levels might therefore influence the magnitude 
of treatment effects by TZDs. 

We performed a summary analysis of all published double- 
blind, placebo-controlled studies to evahiate die effects of 
RSG and PIO on blood lipids in patients with type 2 diabetes. 
In addition, we critically evaluated smdy population charaC' 
teristics between studies conducted with RSG and PIO. 

Methods 

Selection Criteria 

We used PlIBMED (hiq>://www.Dcbijiih.gov/entrez/qucTy.fcgi) to 
Bwch die MEDLINE daiabssc vp to Decembv 2002 1:0 ideaii^ all 
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TABLE 1. Gensral (^araclertsllra of Studies With lUis'Qll^^ 



Otiiflu 


JDtlTnSl, 
(CHI 


Total 
Sample Size, Ha. 


MAfMiiiififsnv 


Weight- 
MaintEnance 
Diet 


Mean 
Age. y 


Dose, mg/d 


Duratlor of 

TfPHlinpnt- 

IICoUllCIIU 

wk 


MfyazaM etai^ 


iMaoSWOQm, ZOu i 




ICS 


Yss 


55.1 


8 


12 


Rastdn etaF 


DHab^ Cm 2001 


913(44) 


' No 


NO 


56.B 


4 and 8 


26 


Lebovftz et al " 


J aid Bn^ocfinoJ Mefab, zm 


493(34) 


Yes 


Yes 


60.0 


4 and 8 


26 


PMUlpselaP 


DIsMbs Caret 2001 


908(37) 


Yes 


No 


57.5 


4 and 6 


26 


RsldnetaP* 


iJIXatetataffA. 2000 


206(39) 


Yes 


No 


58.5 


4 and 6 


6 


Nolan et 


Dibber md,2tXiQ 


278(38) 


Yes 


No 


62^ 


4and8 


a 


Wolffenbuttel et a)^^ 




375(44) 


No 


NO 


61.3 


4 


28 


G6m82-Per8zetaF> 




105 <74) 


No 


No 


53.1 


4 and B 


26 


Fonseca etdP 




339(32) 


No 


Yee 


68^ 


4and 8 


26 


Palel etai^ 


Diabetes 0M$ Meob, 1989 


155(^1) 


Yes 


Yes 


S8.3 


4 


12 


Carey etal'^ 




33(16) 


Yes 


Yes 


56.1 


fi 


16 


pooled eteracnerlstlcs 




3236(39) 


66% 


34% 


sae 


56% maximuni fto9 


e 22 



double-blind, cacdotnized, p]accbo-conti«IIed studies ttiat evaluated 
the cStca of RSG or FlO on blood lipids in patienis with type 2 
diHbctc9. The MEDLINE database wag seaiched for llie fbUorwing 
tcnn$: '^ofiigliiazotte" and **piog1it«ioiicL" These se ar ches were 
combined with searches for the tcnns **typc 2 diabetes" and "place- 
bo.** The mreh was limited TO EngUsh-lsnguagp publications. Ko 
age or sex restrieiioji was applied. FoTly-six publxcalions were 
identified by thiii search strategy. Subsequently, all ftill-texi anides 
were reviewed, and studies were selected on the bB«i« of a double- 
blind, plaecbo^nMlled ireauneot period of at least 8 weeks wi& 
either R$0 (doses of 4 and 8 mg/d) or PlO (doses of 15, 30, and 45 
mg/d). Treatment effects on blood lipids should also b ave been 
TT:parted by each sludy. Both TZD monotherapy and combinatioD 
Iherapy with oiher antihyperglyccmic agents (eg, sulfbnylureas, 
loelfbnnin, or insulin) were considered eligible. Studies of combi- 
nation therapy of TZD widi lipid-loweiing interventions (l^d- 
lowcring agents or active lifestyle iniervendons) were excluded from 
analysis, although a concurrent weight-mainienaDce diet was con* 
sidcrod acceptable when E^iplied equally to an innervemloii anns. 

Data Extraction 

Both assessment of ellgibilny and dixta esitzactioD wcro pcrfenned by 
a single, noaMinded reviewer (Jf .H.V.W.). The foUowbig infbxma- 
lion was extracted fiom each study: year of publication, sample 
sex distribinioa, participant age, TZD monotherapy or cornbinaiian 
therapy^ concurrem weight maintenance diet, duration of treatment 
wtih nudy medicadon, body mass index, and blood lipid levels (TGs, 
total cholesterol [TC], HDIX:. and LPL-cholcsterol), including 
mean changes in each lipid parameter from baseline. Data cxtiactton 
was pefformed for the HSG group, the PIO group, and the accom- 
panying placebo ^ups (RSG placebo and PIO placAo). 

Statisticai Analysis 

)^ tests were perfonned to test for hetotrogenei^ of study lesnltg. 
Because the stndics were conducted in vaiious geographic areas, 
bctwcen-study vaiiation could be ezpecied. Hence, all data were 
combined by using ibc random-cffcds model of DcrSunonian and 
Laird.° The tandom«cf!ect8 model wdghta studies according to the 
sample size, die within-study variance, and the betweeo-study 
variance. Weights were set equal 10 the reciprocal of die variance. 
We compared filudy population characteristics between di£fercm 
TZDs (RSG vs PIO) and between TZDs and placebo (RSG vs 
plac^X) and FlO vb placebo). In a^AHirm we compaied treatment 
effects on blood lipids (mean absolute changes from baseline) 
between RSG and PIO. We also performed a weighted linear- 
icgtcssion analysis for each lipid parameter (TOs, TC, HDL-C, and 
LDL-C) to compare the pastueamiem blood lipid levels between 



studies in which either RSG or FIO was used, after adjustmem for 
die lespcctive lipid level at baseliira. In this analysiE. the posttreat- 
mem blood lipid level was used as the dependent variable and die 
baseline blood lipid level, as the independent variable. For statisdcal 
analyais, we used spss software, version 10.0 (SPSS Ine). Sutxstical 
aignlficaace was leaebed when i><aOS (2 sided). 

Results 

Stndy Characteristics 

Nineteen Trials met our inclusion ciiteriB» yielding 5304 
patients: 3236 patietits in studies with RSG (Table l)ii.i2w»-3i 
and 2068 padents m studies with PIO (Table 2y^^^-^^ RSG 
trials and PIO trials were comparable in sex distribution. 
Subjects in RSG trials were older than those in PIO trials. 
Sixty-six percent of the subjects m RSG trials received the 
study medieatiott as monotberapy, whereas only 27% of the 
subjects did 50 in the PIO trials. A eoncutient weigiht 
maintenance diet was more pievalont in PIO trials than in 
RSO tdals (52% vs 34%, respectively). FiAy-six percent of 
the RSG and 8% of the FIO groiip received the 

maximum recommended dose (8 mg/d for RSG and 45 mg/d 
for PIO, respectively). Fifty-seven percent received 30 mg/d 
PIO and 35%, 15 mg/d PTQ. Mean duration of treatment was 
22 weeks in die RSG trials and 18 weeks in the FIO trials. 

Baseline Characteristics 

The baseline cbaiactcristics of the RSG group, FIO ^ot^, 
and accompanying placebo grinds (RSG placebo and PIO 
placebo) are shown in Table 3. Subjects in the PIO group 
were sigtuficantly yoimger and more obese than were diose in 
the RSG group. In addition, subjects in the PIO group weie 
characterized by a more pronoimced hyperglyoemia (in- 
creased ftsting glucose and glycosylated hemoglobin) and 
dysUpidemia Qncreased TGs and decreased Ht)L-C) than in 
the RSO group. There were no differences in baseline 
characteristics between the TZDs and their accompanyuig 
placebo groups (RSG vs RSG placebo and PIO vs PIO 
placebo, respectively). 

Treatmeat Effects of KSG and FIO 

tests revealed no statistical evidence of hetmg^eity of 
study results (data not shown). The treatment effects of RSG 
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TABLf 2. General Characterteilcs of Studies WHh Hoglibzime 



Study 


JoumflL 
Year 


Total Sampte 

Size. NO. 
(% female^ 


Manflttidrapy 


Weigm- 
l/latmenanc8 
Diet 


M^an 


Treatment 
Dose, mg/d 


Duration of 
Tfaatment, 


UiyazakletaF 


iKatietts Gsrs; 2001 


23(2fi) 


NO 


Yes 


545 


45 


16 


Kawamort et aP 




30(37) 


No 


NO 


54.6 


30 


12 


Einhoni eiaP* 


can Ther, 2000 


328(43) 


No 


Ye$ 


SS£ 


30 


16 


Aronflff 6t flP 


OtatelBs Cam, 2000 


319(42) 


YM 


No 


53.7 


15, 30, and 45 


26 


Miyaukletai^ 


0Rateteff Caw. 2002 


45(47) 


Yes 


NO 


B47 


15. 30, and 45 


26 


Rosenblatt et fil^ 


CCfCVi >Vteiy 2001 


197(47) 


Yes 


Yes 


S4.5 


30 


16 


Kipned et 


AmJMed, 2001 


560 (41) 


No 


Yes 


56.7 


15,30 


16 


RDsensta)Cfceta^' 


ftirJCffi7Aac4 2002 




No 


NO 


S7.1 


15. 30 


16 


Poolsd ctiafacterlsGG 


8 


2066(49 


27% 


52% 


SS.B 


6% maximum dose 


18 



and PIO on blood lipids are shown in Figure 1. ThcireatmenT 
effects m shown as mean changes fircm baseline of TZD 
nihms placebo for each lipid parameter (ARSG placd)0 and 
APIO placebo, respectively). PIO was associated with signif- 
icantly giealer beneficial cfifccts on all blood lipid levels. 

Influence of Baseline Lipid Levels on 
Treatment Effects 

Because subjects in studies witfi FIO were more dyslipldemic 
at baseline ftian wen diose in studies with RSG, we per- 
formed a weighted Uneaprogression analysis f6r each lipid 
psiamcter. FiDm diis analysis, postljeatnient TQs 0^0.45, 
F<Om\ TC (p=0J6. P<0.001) and LDL-C (P=0.31, 
P<0.05) wens higher in studies with RSO than in studies with 
PIO. However, postireatment HDL-C was not significantly 
different between RSG and PIO ()3=0.02, P=NS). 

Treatment Effects of RSG and PIO per 
Treatment Dose 

Treatment with the respective maximum lecommendcd dose 
of each TZD was more prevaleai in ihe RSG group ihan in die 
PIO group. Therefore;, we performed a subgrotrp analysis in 
Which we evAuated ihe eflbcxs of RSG and PIO on blood 
lipids per treatment dose (Table 4). The maodmnm and 



submaximimi recommended doses of RSG (8 and 4 mg/d» 
lespectively) had similar effects on TG and HDLrC, How- 
ever, RSG at 8 mg/d was associated with si^ificantly greater 
increases in TC and LDL-C compared with 4 mg/d RSG. PTO 
30 mg^d was associated with significantly greater reductions 
in TO than was PTO 15 mg/d. The different doses of PIO had 
comparable efiects on TC, HDL-C, and LDL-C. 

Subgroup Analysis of Monotherapy Trials and 
Combination Therapy Trials 

Because monolheFapy was more prevalent in studies with 
RSG, we evaluated the treatment efiects of RSG and PTO on 
blood lipids for monotherapy trials and combination thc^y 
tnals separately (Table 5). RSG combination therapy trials 
showed greater beneficial effects on all lipid levels than did 
RSO monotherapy trials. PIO comblnatioti therapy trials 
showed similar effects on blood lipids compared with PIO 
monotherapy trials. PIO monotherapy trials showed greater 
beneficial effects on all lipid leveU compared with RSG 
monotherapy trials, whereas PIO combination diex^y trials 
showed greater beneficial effects on TGs, TC, and LDI>C 
dian did RSG eombinadon therapy trials. 



TABI-E 3. Basefine Characteristics 



RSG Studies PIO Studies 





RSG-Graup 


flS(S-Ptacel)o 


PIO-Broup 


PlO-Placebo 


No. of Dadants 


2194 


1042 


1326 


740 


Age.y 


58.6 (0.2)* 


58.9 (0.3)t 


55.8(0.27) 


56.2(0.35) 


BMl. kgAn^ 


29.7 (0.0^ 


29.6 (0.1 3)t 


32.2 (0.22) 


32.0(020) 


Glucose, mmol/L 


12J)1 ^JDTJr 


11.63 (O.0d)t 


13^(0.10) 


13.24(0.14) 


HhAie.% 


9.O(0.03r 


63 (D.05)T 


9.8 (0.D4) 


9.0(0.05) 


THglyeflrldes, mmol/L 


2.25(0.04)* 


2.00(Oi)S)t 


2.92 (p.OS) 


2.94(0.11) 


Cholesterol. mmot/L 


5.46(0.02) 


5.46 (0J») 


5>49(0.03) 


5 JO (0.03) 


HDL-C mmol/L 


1.15 (P.01)* 


1.15(P.01)t 


1.07(0.01) 


1.08 (OjDI) 


LDL-C, mmoJ/L 


3.30(0.02) 


3.31 p.03) 


3.25(0.03) 


3.28 (0i)4) 



Data are maan ^Q. All data ware analyzed by lelog the random-effects model 

In this aiQtysis, compartsons tretwreen different TZD (F)5Q V8 PIO) and between TZD and placebo 

(R5G V3 piscebo and PK) «s placebo) were perfonned. ^Pcaooi vs PlO-omip: tP<0.001 vs 

PtO-placebo. 
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A 




B *»1 

s. 
I 



S J 



PO.001 



1 



P^IOOL 



Mean treatment eSeOtd or T7D« minus 
tho mean treatment efcot of the aceoRV 
panying placebo for each Op'id parame- 
ter. TGe (a), TC W. and HDL-C (c). White 
bars Indicate RSG; black bare, PIQ- 



Discussion 

In clinical practice, there is much debate conceming ^e 
potendal different effects of RSG and PIO on blood lipids. 
This might have important iiiq)licatioDS, because dyslipid- 
emia is a major risk factor for atherosclerosis in padents with 
type 2 diabetts. Because no data on prospective, randomized, 
doable-blind PIO versus RSG studies were Bvailsble, we 
performed a snmmary analysis of all published double-blind, 
placebo-controlled studies with either RSG or PIO. The main 
ouicome of our summary analysis is that studies with FIG 
showed more beneficial treatment effects on blood lipids in 
comparison with studies with RSO, but ixrrportani diftt^ences 



TABLE 4. TrBatment Effeds of RSG and PIQ Per 
Treatment Dose 





RSG 4 mg/d 


RSG 6 mg/d 




ATrtgiycertOes, mmol/L 
ACholeslerol. mmol/L 
AHDL-C, mmDlA. 
MDL-C. mmoi/L 


+0.13(0.06) 
+0.52 (OW 
+0.05 C0.01) 
+O-34(0j03r 


+0.05(0 JIT) 
+D.70 (OiM) 

+0.06 (Pin) 

+D.4a (0.04) 






PIO 15 mg/d 


PIO 30 mg/d 


Pt0 45mo/d 


ATriglycerides, mmoVL 
ACnoiesmi. mmoi/L 

AHDL-C mmol/L 
ALDl-C, mmol/L 


-0.44 (purtM- 

H).01 Pj08) 

+0.10 (qj02) 

+0.08 (0.06) 


-0.66(0-07) 
+0i)1 (0.05) 
+0.00(0.02) 
-0.01 (0.04) 


-0JBC0.1&) 
+0.10(0.15) 

+aii (0.04) 

+0.15(0.12) 



ATrigfycsnddG, A^atesterDl, AHDL-C. and ALDL-C is Ore diffendHCQ in 
Qonoentrstian for trtglyoeride, total ctntesterol. HOL-C and LDL-C, respecQvcty, 
between the active treatment group and placebo Qroup for eaCb specific IZD 
dose. Data are mean (SE). 

*P<0.05 vs RSG 8 dig/d. tP<0.05 vs PIO 30 mg/d- 



in baseline characteristics existed between the study 

populations. 

During die past several years, TZDs have received increaS' 
ing attention for treatment of patients with type 2 diabetes. 
The antihypergtycemic c^cts of RSG and PIO are well 
documented and appear to be equivalent between comparable 
doses of the 2 agenis.^^ In addiiion to glucose lowering, TZDs 
influence lipid metabolism, most likely by directing a PPAR- 
T-mediated change in adipocyte metabolism and insulin 
sensinvi^. Hence, TZDs could potentially modulate the 
characteristic diabetic dyslipidemia, which is characterized 
by increased TOs, reduced HDL-C and the predominance of 
atibcrogtnic, small, dense LDL pardcles.'* 

TABL£5. 'neatmetit Effects of RSG and PIO tor Uonolherapy 
Trials and Combination Therapy Trials 



Combination 
Moiwmefapy Theiapy 



RosIglitHzme tiala 








ATnglycerldss, mmol/L 


+0.21 


(p.06r 


-0.06^.07) 


AChotesteroL mmOl/L 


+0.66 


(0.03)* 


+0.46(0.05) 


AHDL-^ mmol/L 


+0X3 


(Dirir 


+0.11(0.01) 


ALDL-C, mnnUL 


+a43 


(P4)3r 


+0.33 (0.0^ 


Ro^titazone tiiala 








ATr^Iycm'des, mmol/L 


-0.51 




-0.57 (0.06)t 


ACholest^ol, mmoI/L 


+0.06 


(0J)7)t 


-0.01 (0.05)t 


AHOL-C nund/L 


+0.09 




+0.10 (PXI) 


ALDL-C, mmfli/L 


+0iJ7 


(pxrc)t 


+0JS(Pi)^ 



Data ere mean (S^. 

*P<0U)5 VS combtnadon therapy. tP<OJB vs RSG mala. 
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We fbimd that studies with PIO show greater beneficial 
effects on TGs, TC, and LDL-C than did studies with RSG. 
Whether the mafinitode of diese difieicnces is su£&cient to 
produce clinically relevant cardiovascular benefits is an open 
question. The currently available data support a dose- 
dependent effect of RSG on TC and LDL-C, whereas PIO 
might exert dose-related efiEects on TGs. However, only a 
small number of subjects were recriving ^e maximimi 
recornmended dose of PIO. 

Studies mtti PIO showed greater beneficial effitcts on TGs 
than did s^dies with RSG. Several fectors might explain the 
drfifeienlial effects of RSG and PIO on TG levels. First, it has 
been shown that at Ihc same clinical dose^ PIO is associated 
with greater PPAR-a activation than is RSG.^^ PPAR-a is the 
main target for fibrates, a class of lipld-lowering diug^, which 
mainly reduce TGs and increase HDL-C.^"<" Increased 
PPAR-ci activation by PIO might explain the observed 
beneficial effects of PIO on TGs. Second^ it is well recog- 
nized that the lipld-lowering responses are partly dependent 
on the baseline characteristics of the study group. The 
lipid-lowering responses of fibrates and statins are enhanced 
m patienis with more pronounced dyslipidemia at base- 
line.^'^^ In our summary analysis^ we have shown that 
subjects treated with PIO were characterized by a more 
pronounced dyslipidemia (inmased TGs and decreased 
HDL-C) at baseline than were those treated with RSG. These 
differences in patient baseline characteristics between studies 
with RSG and PIO are likely to have influenced the magni- 
tude of the effects on TGs and HDL-C. The observation that 
afhsr adjustment for baseline HDL-C, there was no longer a 
statistically significant dlfTerence in posttreatmcnt HDL-C 
between RSG and PIO supports diis hypothesis. Moreover, in 
o recent study witli PIO, it was shown that patients with tiie 
lowest baseline HDL^ levels responded Wilh HDIrC in- 
creases of greater nu^tude than did those who bad higher 
HDL-C levels at baseline.^^ Studies with RSG showed greater 
increases in TC and LDL-C compared witii stndies with PIO, 
despite similar baseline levels. Why RSG and PIO exert 
different efTects on TC and LDL-C is an open issue. Inter- 
estingly, TZDs improve LDL panicle density, causing a shift 
from small, dense LDL particles to larger, buoyant LDL 
particles, which are less prone to oxidstive modification and 
are therefore, thought to be less atherogenic.^-^ These 
changes in LDL-C density elicited by TZDs might be more 
meaningful tiian the small changes in overall LDL-C levels. 

Besides differences in baseline lipids, subjects treated with 
PIO were more obese and had worse ^tycemie control at 
baseline than did subjects treated with RSG. In addition, a 
concurrent weight maintenance diet was more prevalent in 
PIO trials tiian in RSG trials, whereas more subjects in RSG 
trials were on monotherapy. These factors might also have 
infiuenced the results. Interestingly, RSG combination ther- 
apy trials showed greater beneficial effects on all blood lipids 
oompared with RSG monotherapy trials. These differences 
were nm observed in studies with PIO. Because monotherapy 
was mote prevalent in R$0 trials, tins conld have contributed 
to the results. Regrettably, the number of studies was limited, 
and we could not adjust for other relevant pamneters (eg, 
body mass index, glycemic control) to more retiably estimate 



the differences in treatment effects between studies with RSG 
and those with FlO- Although differences in smdy population 
characteristics were a confounding &ctor for our analysis, it 
should be noted that this is al^ one of die most interesting 
findings that is often not accomited for when discussing, 
difiei^tial effects of TZDs in clinical practice. Apparemly, 
studies with RSG are performed in a "different patient 
population** than are soidies with PIO. Our lesutts emphasize 
the inq>ortance of study population charaetetistics when 
examining clinical data from studies performed with different 
TZDs. Clearly, (here is a need for direct, double-blind 
comparisons of the 2 agents in die same population. 

Our data are in line with several open-label, prospective or 
retrospective studies on the effects of RSG and PiO on blood 
lipids. Khan et al** performed an open-labelt randomized 
comparison of RSG and PIO in patients previously treated 
with troglitazont. In that study, conversion to pioglitazonc 
was associated with significant improvements in all lipid 
levels, whereas conversion to RSG led to significant increases 
in all lipid levels, despite similar weight increases and 
glycemic control in the RSG group and PIO group. In a reeent 
retrospective review of randomly selected medical records* it 
was shown that treatmmt with PIO was associated with 
greater beneficial effects on blood lipid levels than was 
tream\ent with RSG, despite similar glycentic eontroL^' 
However, that article &ilcd to talce into account a large body 
of evidence from double-blind, randonuzed^ placebo- 
controlled studies, which represent ihe *'gold standard^ for 
clinical analysis. 

in conclusion, studies conducted witii PIO showed more 
beneficial effects on blood lipids, but also dififerent stwfy 
population characteristics, in comparison with studies con- 
ducted witii RSG. Differences in both pharmacologic prop- 
erties and study population charactsnstics between the 2 
agents are likely to have influenced the results. When 
examining tlie available clinical data fiom studies perfbnned 
with different TZDs, it is in^xlrtaIlt to interpret the results in 
light of file prevailing st\A&y population chaiactaristiGB. 

References 

1. Saliiel AR, Ole&l^ JM. lUazolidinfidjUineB in iho tzcamaoixt of Insulin 
fesiSGMce Md lype n diftbeus. Dhbetea. 1996:45:1661-1669. 

2. nuBhimi A, Tetxnl L, (jaillHnl D, Amri BZ, Ailtaaiid G, Yonnjs P, 
C&wihorne MA, Grimaldi PA. Evidencfi for a common medMaism of 
action for fntty ncids and UdazoluiinsdioiiB onlxdiabctic Bff^sta on gcoc 
txpttS$\<Xi in pnAdi^oio cells. Me>J Phvrnwvol. 1994;46;1070-1076. 

3. LehmFmn JM, Moore LB« Smitb-Oliver TA, WiUdaoD WO, WiUson TM, 
Klicwcr SA- An gnfirtrahrtic duaxolidincdionc is a high affinity Hgand fin* 
peroxisome pv^Hfanzomtivaicd reoqpcor-y (PPAR-y). J B'wi Chan, 
1995;Z70:12953-12956. 

•4. Young FW, Bndde DR, Cantdlo BQ Chapman H, Qapham JC. Coyte 
PJ. Hnisb D. Hmdiey RM HQl4er JC. Kallender U. Loeer AJ. Lawiie 
KW, Moisakowska D, Morpfay GJ, RnxfacD CL, $mhh SA. fdentincaUon 
of higSi-affinity hbding sites for the insuHn seositizcr rosi^zmzone ^RL- 
49653) in rodem and Inimon odQtocytes using q radioiodiEated ligand tost 
peroxlsoma] psoIifcrattff-ectiTBXcd rocep&ar-y. J Pharmacid Zig> Thar, 
199B;284:7il-759. 

5. GitlmN.JiitieNUSptirrCuUTnKN.JusibeHM. Two coses of severe 

clinical and faistolopc hepototosdci^ ftssodatcd wifh tra^lnzan& Amt 
Imetti %itd. 199S: 129:36-38. 

6. Shlboya A, WstanDbe M« FuJiRi Y, Soigenji K, Kvww 5. Tota4i»hi H, 
Tatceuchi H. An amopey case of ircgljtzizono-iDdQced fidmmnnt hepatitis. 
Diahetn Cart. 1998;2 1:2140-2143. 



PA(X2SI70'RCVDAT6f7i20067:17:59PM[EastemDayfl9litTiine]*SVIlUSPTO^ 



06 /07/06 16:27 FAX 1619235017 6 



KMOB SAN DIEGO 



[a026 



van Wijk et al ThiazolidinedioaGS and Lipids 1749 



7. Watldns FB« Whiuofflb HW. Hepatio dysfoncuoa associated with trogli- 
tmntL N Eti^i J Med, I998;338i9 16-917. 

8. Adams M. Montague CT. Prins JB, Holder JQ Smidi SA« Sander* L, 
Digby JE. Sewcef CP, Lazar MA, ChuUtijee VK, O'Ralully S. Acdvators 
of pcToxisoiDc proliftfator-activHlcd reccplof^y have depot-Bpedfie 
eilccu on ImmaD picodipocyta differentiation. J Clin Invest. I997;100: 
3149-3153. 

9. Anmoff S, Kos^Ablan S, BvailhwHilc S, JW, Mflddsea AL, 
Sdmeider RL. FiogUi&zono hydrochloride monOthefa^ improves 
^yecsmc control m ihc btaUMiit of padems with type 2 diabetes: a 
6-inandi rfmdomizcd placebo-coalrolied dose-fespon^c study: the Piogli- 
taznne 001 Study GxtHip. Diabetes Care. 2000,23:1605-1611, 

10. KipACS MS» Krosnicic A, RendcU MS, EgM JW. Maduaen AL, Schneider 
RL. Pioglimxoitd hydrochloiide in Gombimdoa with sulfbiiyhirca dieiapy 
improves glycemic COrttfOl in padenta with type 2 dinbeies meiniii»: a 
randomized, plBoebo-caniiDUed study. Am J Med, 2001;111:10-17. 

1 1. Lebovite HE, Dole JF, PaEwardhan Riqipapoit £B. Freed MI- Rongli- 
tazone monolhBnipy is ef&Cftive in pfllients wfdi type 2 diabeies. J Clin 
Endocrinol Meiab. 2001;B6:280-288. 

12. WoUXhibiilxel BH, Gomu R, Squaliito JOnes KP, Paiwardhan RN. 
AddittoD of low-JoM fO«igUlflzonc to Bu^hon^men dxeinpy in^WOves 
glycaemic control in Type 2 diab^tjc paxienu. Diabei Mad. 2000;17: 
40-47. 

13. Boyle PJ, King QIanalcy L, Marchcttz A, Lou H. Magnr R« Muiin J. 
E&cb of piogUliaooe ^d poyglitazonc on blood Iqiid Icveb md 
glycemic control in padenta wiOi type 2 dabeieft meUilUS: » retrupecnve 
xwiew of rMdomly iclccmd mcdkal xecoida. Clin Ther, 2002;24: 
378-395. 

14. Khan MA. Sc Peter JV, Xue JL. A prospccdve, rtmdomiiced comparison 
of (he metabolic effods or pto$UiBZ)Q!ic or rosiglitBZone in padents widi 
type 2 diabetes ^wfao were pEtviowjly ueaied wtih tragi itazonc Diabetes 
Gim. 2002^25:708-711. 

15. KiAg aB. a conspaiisoD in a cUniool senfiie of dte efficacy and side 
edfiSCU of dute thlazolidinodioDCB. Diabetes Care. 2000;23;357. 

16. LaCivitB KA, ViUaneal G. Diflfcrtnces irt lipid proFil6$ of padcnis given 
roaigUtazonc followed by pic^tozonc Ctnr 3Ad Res Opin. 2002:1 S- 
3fi3-370. 

1 7r Wurch T, Junquofo Ddhon A, Pauwcla J. PhannacoSogical analysis of 
ifviUmype CI, y Und 8 subtypes of the human peroxisome prcriifcrBtDF-Bc- 
livated lecqitoc. Naunyn Scfmiedcbcrgr Arch PhptmatcU 2002;3£5: 
133-140. 

18. fiodxc V, ChineUi O. Fruchtft JC, Staets B. Role of flio pcnni^onic 

proUfcraior-eclivatcd ceceptois (FPARS) in the regulation of lipids and 
inllaomiafion control. JSocSici 2002;196:47-52. 

19. Neve BP, Frudmrt JC. Staeb B. Role of dw peroxisome probTenuor^ 
tivated leoeptors (FPAR) in adiSEOSclBrosis. Bioehem PharmacoL 2000; 
60:1245-1250. 

20. Leaf Da, Coonor WE, lUingiwon}) DR, Bacon $P, Soxton Q. Tho hyp^ 
i^idemic efibcB of gemfibi^ in type V fayperlii^ieinl'a: » dovble-btmd. 
crossover study. yilA£4. 1989263:3 154-3160. 

2L Stcia Ea, Lane Laalcazzcweld P. Compailsan of Biadzu in liypeitri- 
^lyceiidenii^ Am J Ceitdial. l99fi;BI:66B-69B. 

22. DeiSimoniin Laird N. MeUHhifllysiA in eiinkdd trials. Control Gin 
IHaU. 1986^:177-188. 

23. Miyazaki Y, Cla$i L^ TripUtt C, Matsuda M, Qaai K, MahaidcaU A, 
Mafaauieali 8, Mandanno U, DeFronso RA. Ef&ei of tosigliijizoac on 
ghicose and non-esleiified &lty acid n w^t ub fr TiTHn ui type II 
patisnts.iMaBiaAi&s'o- 2001,^2210-2219. 

24. Raikin P, Ruppopoit EB. Cole ST, Yon Y, Pnhrardhon R. Freed ML 
RosigUtazsQC abort-temi mooathcTHpy lowers &stxng and poeHmnirtial 
ghicosc in paticnu with type II diabcics. DiabetoJogla. 2000;43 :278-2&4. 

25. Raskin P. Raadell M, Riddle MC, Dole JF, Freed MI, Ro«en«tOCk A 
randomized dial of losigUi^zone ihetapy in psilents with faxadeqouely 



controlled idSidin-tieBted type 2 diabetes. Diabeies Care. 2001 ;24: 
1226-1232. 

26- Phlliipa LS, Gronber^er G, Miller E, FBtwaidhim R. Roppa^ort BB, 
Salzman A. Once- and twice-daily dosing widi rosiglUazone improves 
glyoemic coBtiol in poticsts with type 2 (Uabctca. Diabeies Care^ 2001; 
24;308-$i5. 

27. Nolan JJ, Jones NP, Patwardhmi R, Deacon LF. RosigUiazORO t^kon onoc 
daily provides effecuve glycaemic cooirol in patienis with type 2 dbbetes 
mellitus. Diabct Med. 2000; 17:287-294. 

28. Fonscca V, Roscnsiock J, Parivardhan R, Salzman A. ESect of mctfoimm 
and rosiglitBzane combination therapy in padenta with type 2 diabetes 
mellitus: a raodomizBd conbolled iriaL JAM4, 2000:283:1695-1702. 

29. Oomek-Peiez FJ, Fangfaanel-Salman Anlonie BJ, Monles-Vfilftnesl J, 
Bcny RA« Wotsi C, Coidd Ehl Efficacy and safety of nsiglifausDne phii 
metfinmin in Mexicaos wtih type 2 diabetes. Diabeies Metah Res Rev* 
20Q2;18:]27-134. 

30- Paxcl J, Anderson RJ. RappOport EB. Rosiglltazono monotherapy 
in^tfoves glycaemic control in patients with type 2 diabetes: o 
twelve-week, randomind, plaodM-controllcd sindy. Diabetes Obes 
Maab. 1999:1:16^172. 

3 1. Carey DO, Cowin OJ, Galloway QI, Jonci NP, Rsehazds JC, Biswaa N, 
Doddrell DM. Scnsitlvliy e£foct of rosiBli>ta«ooo on iiunlfn and body 
compoaidon m type 2 diabetic psUenn. Obvs Res. 2002:10:1008-1015. 

32. Miyazaki Y, Mahsnkali A, Matsuda M« Gloss L» MEdionknii Feirnnniid 
E, Cusi K, Mandarino LI, DcFronzo RA. Improved ^|yoemie eonlrol and 
enhanced uisolizt sensitlvtiy in type 2 diabetic snbjccta treated wiOi 
pioglitazone. Diabetes Cont. 2001:24:710-719. 

33. Kawamoii R, Matsuhisa M, KinOShltA J, MochttuU K. Niw« M, ArlSSkS 
T, Dccda M, Kubota M, Wodo M, Konda T, Ikebncfai M, Tohdo R, 
Yamasaki Y- Pioglitazone enhances splanchnic gfaicoae uptake aa well as 
pedpbexal glucose uptake in non-insulin-dopcndent diabetes mellitiu: 
AIX4833 Clmcp-OGL Study Group. Diabetta Res Clin Pract. 1998:41: 
35-43. 

34. Eihhom D, Rcndeil M, Rosenzweig i, £gan J W, Modxisen AL, Schneider 
RL. Pio^tnzone hydrochloride in condnnntion with metfimnin in the 
treatment of type 2 diabetes m^tns; a rnndomiaed, ploc^xi-controlled 
stndty: the PtogUtazime 027 Study Group. COn Ther. 2000;22:I39S-1409. 

35. Miyazaki Y, Matsuda M, DcFxcnzo RA. Dose-response eSccl of piogli- 
taasonc on insnlln sensitivity and izuuHn secrenon in type 2 diabetes. 
Dipbt(&f Care, 20O7.;2^iS 17-523. 

36. Rosenblau S. Miskin B, Glazer NB, Prince MJ. Robertson K£. The 
impact of pioglitazosc on glyceEmc control end otfaerogenic djyslipidemia 
in patients with type 2 diabetes meUitua. Conn Artery Dbt. 200l;12: 
413-423. 

37. Rosenstock J. Einhom D. Horthoa K. Olszer NB, Yu S. EfiBcacy and 
sa^Bty of piogiitozone in type 2 diabeies; n nndomised, ploioebo- 
Gontroiled stody b pstienu receiving siabla bsulin ihsnqiy. J Clin 

Pract. 200^6-.251-257. 

38. Ginsberg HN, Huang LS. The insulin resistance syndrome: impad on 
lipoprotein mrraholism and olbcrothromboaia. J Cardlovase Risk. 2000; 
7:325-331. 

39- Tack CT, Smits F, Demacker FN, StHlnthorf AF. TrogUlasone decieases 

the poopoition of amall, dense LDL and increases the resistance of LDL 
to o^Kidstion in obese subjects. Dhbetei Care, 1998:21:796-799. 

40. Hinoo T, Yoshino G. Knzumi T. Troglilozone and small low-density 
IqwprotBin in type 2 diabetes. .<4im /pffarTi bfed. 1998:129:162-163. 

41. Cominacini L, Young MM, Capiiati A, Gaibin U, Fiatia FA, Csmpsgnola 
M, DavoU A, Rigoni A, Conteaat CzB,Lo CV. Tipgliiasone inSRmscs die 
resistance of low density lipopromin to oxidnion m healdiy vohmieeiB. 
DiabetoJegla^ 1997>40:121 1-1218. 

42. Comnmcini L. Oaxbin U. FroUa PA. Campognola DavoU A, Foot B, 
Sighieri 0. Sirxmi AM. Lo CV, Femnmini E. Tnglitazone icdnoea LDL 
oxidadon and lowers idssma E-sdectm ccpccniiBdon in NIDDM padenta. 
Diabetes, 1998:47:130-133. 



PA(£ 26/70 ' RCVD AT 6/7/2006 7:17:59 PM [Eastern Daylight Tim^^ 



06/07/08 l g:2S FAX 16192350176 KMOB SAN DIEGO 81027 



Clinical Care/Education/Nutrition 



EXHtBTTB 



in 



Adam C. Robinson, mkcp 
John Burke, MD 
Stephen Robinson, MD 



Desmond G. Johnston, fho 
RoHEsr S. Blkeles, md 



z. — To test the hypothesis th^t metformin therapy, given as an adjunct to 
Insulin therepy. ImpiDves metabolic ixxitnil In Insulin-treated NIDDM patients with subopd- 
mal glycenUc control. 

NIDDM wcie investigated: all had coimnenced insulin after secondaiy faUure of antlhyper- 
glycemic agents. Two Fandomlzed double-blind pJacduTNCDntioIIed crossover smdles were run. 
la study 1 (n » 19}, insulfn-iireatod subjects with suboptlmal sJycenric ccmirol recfinved 12 
weeks of metfomiin 1 e b.Ld. and 12 weeks of pbcciio. In study 2 (n = 14) , subjects already 
estabUshed on adjunctive metformln/insulin therapy stopped the m^tramiin component and 
received 1 2 weeks of metfonnin at their baseline dosage (range 1-2.5 g) and 12 weels of equiv- 
al^ placebo. Fasting plasma glucose, HbA],, and serum lipids weie measured at baseline and 
mldvvay through and at the end of each treatment phase. ITie efEiectaf 12 weeks of metftonnin 
tieaimeni was compared with the effect of 12 weeto oF placebo in eadi sLud^ 
tes combined. 



serum triglycerides In NIDDM (4,5). Many 
studies haive shown a significant aaodation 
of metfomiin tzeatznent with w^ght loss 
(6). Ihe underlying mechanisns for the 
drug's antidiabetic effects are not fully 
understood, but it is accepted thac they are 
not mediated through increased insulin 
secretion. Identified mechanisms Indude 
suppression of heptatic glucose output and 
an increase in peiipheral glucose uptake 
and intestinal glucose use (7). Thus, we 
hypothesized that metformin was a suitable 
drug for combination with insulin in the 
treatment of poorly contmlled insulin- 
creaied NIDDM, We aimed to siudy the 
effects of giving metformin to Insulin- 
treated NIDDM subjects with suboptlmal 
metabolic control in two randomized 
placebo-conttoUed crossover studies. 



» — In study 1, metformin tzeatmem was associated with 5 w^ifk^ ^2^^^ 
in &5ting plasms glucose (mean IZ-week difference ham placebo [95% CH: 5^ TTungl/l 
(3.5-8.1] . P < 0.001) and HbAi« (1 .6% [0.9-2.4], P < O.OOl) . La study 2. metformin treatment 
was associaifid with significantly lower fastlAg plasma glucose (5.3 [0.6-9 9} . P " 0.029) 

and lower HbAi^ (2.4% [1.0-3.8] , P = 0.003) oomparod with those for placebo. Study 2 also 
showed metformin treatment to be associaced with slgnificandy lower total cholesterol than 
that for placebo (LO mmoJ/l [0.1-1.9], P= 0.03^ and bwer LDL chple5tEnpl (1.0 mmolA 
[0.1-1.9], P» 0.028). This Significant difiercnce In serum lipids seen in studyr 2 was not seen 
in study 1, but was present when both sets of data were combined (n ■ 33, mean total diolcs- 
terol diiference at 12 weeks [95% CI]: 0.6 mmolA [0.1-1.1], P= 0.015). Meifom:iIn had no 
significant effect on triglyceride. HDL cholesteral* weight or blood pressuxe. Two sulijeccs on 
metformin withdrew because of side eObcts. 



Metformin, when given as adjunctive therapy, was well toloated and 
improved glycemic control and lipid concentrations in pati^i^ with insiilin-treatfid NIDDM 
whose diabetes was poorly controlled. These Impravements could be maintained over the long 

term. 



Merfbimin has been used in the U.K. 
since 1957, particularly for over- 
weight patients with NTDDM, end 
has recently been approved for use in the 



U.S. (1). It has a significant antlhyper- 
glycemlc action and a beneficial eSect on 
serum lipids (2,3)- Tc has been shown CO 
lower both total and LDL cholesterol arvd 
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Study I 

The study was approved by the local 
reseanrh ethics committee of the Kensir^- 
ton, Chelsea, and Westminster Health 
Authority Patients with NIDDM were 
seilficted from a teaching hospital outpatient 
diabetic clinic The diagnosis of NIDDM 
was based on dinical history and the find- 
ing of a fostlog plasma glucose concentra- 
tion >7.8 mznolA on two occasions. In all 
cases, insulin had been started after sec- 
ondary failure of maximuin-dnsB oral anti- 
hyperglycemic agents and lad been th^ 
sole diabetic treatment for at least 1 year. 
Female subjects of chUdbearir^ age, those 
unable to give fully informed consenc. and 
those already taking ariy oral antihyper- 
glycemic agent in addition to their rrrailin 
were excluded. There was no upper age 
limit Ail padents entered a 6-week run-in 
phse' with two baseline assessments (on 
days 1 and 28) to determine digitiility for 
the reuidomized treatment phase. At enroll- 
ment, demographic details and a rtiRbetir 
history were obtained with a fasdng blood 
samplefbrlaboratoty measurements of glu- 
cose, cx^tinine. HbA,^ total cholesc&ol. 
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Table l^BaseHne dimcteristlcs of the patfent^ 





Scudy 1 


Study 2 


n 


19 


H 


Age (yeai^ 


61.3 ±7.1 


56.1 ± 8.9 




7/12 


3/11 




80.9 ±6.9 


83.2 ±12.7 


BMI(ke/ttf) 


29.5 ±3.5 


30.9 ±3.8 


Duraiion of dlabeies (years) 
Retinopathy (yes/no)^ 


15±7 


14±6 


9/10 


9/5 


Neuropathy (ye$/n£»)* 


6/13 


3/11 


Protelnuiia (yes/nD)t 


1/18 


4/10 


Systolic blood pressure (mmHg) 


137 ±16 


144 ± 23 


Diastolic blood pressure (mmHg) 


7d± 10 


87±11 


hdetftmnip dose (g/24 Yii 




2.0 ±0.5 


Insulin requlremeni (U/day) 


71 ±47 


41 ±16 



Dsca an n or means ± SD. 'Inlonnacion fiem leview of clinical noces^ TQn dJpstkk tasdng. 



triglycerides, and HDL cholesterpL On the 
sect^ baseUne visit, a &stiiig blood sample 
was taken for glucose and HbAic measure- 
ment and any change in Insulin require- 
mantwas not^. Inclusion crUErianecssaiy 
to proceed to die txeatznent phase woe as 
follows: suboptimal gjiycemlc oontiol 
(HbAjc S7.5%). stable glycemic control 
and insulin dosage (baseline values to differ 
by £I5%). normal renal function {cread- 
nine £125 jimol/D, and BMI ^23 k^rr^. 

There were 20 qualifying subjects ran- 
domized to receive either metformin 500 
rng b.i,d. (Increasing to 1 g b.i.d. after 7 
days) or placebo for 12 weeks, at which 
point crossover Xack place, the treatment 
phases lasting a total of 24 weeks. 

Assessments were performed at 6-week 
intsvals. Each subject attEnded the cnsta- 
bolx: xnvesti^tlon unitat Sl Marys Hospi- 
tal between 8:00 AM. and 10:00 A^. after a 
12-h fesL Adverse effects were detected by 
direct questioning. Afiker examination of the 
patients general condition, weight and 
height were recorded In light clothing and 
without shoes; resting blood pressure was 
recorded in the right arm with diastolic 
pressure recorded at phase V Korockofif 
sounds. Venous blood analyzed for glu- 
cose, HhAic. total cholesterol, biglycerides. 
and HDL cholesterol At the conclusion of 
each visit, subjects were given metformin or 
rriatchlng placebo (Ljpha Pharmaceuticals, 
^^5t Drayton. UX). and returned tablets 
were counted. We aimed to keep insulin 
dosage constant for the duration of the 
tre a mient phase with adjiistmenis made 
only in tlie proence of hypoglycemia Or 
significant hypeigjy oemic symptoms. 



Study 2 

The study was approved by the local 
research ethics oommittBe of the Bamec 
Health Aulhoriiy Subjects with NIDDM 
(diagnosdc crlceria as for scudy I) were 
seleciied from a dlstria general hospital out- 
padait diabetic dixiic As in study 1. all 
patients wse insulin'tieated after secondaiy 
fellure of tnaxJmum-dose oral antihypo^ 
glycemic agents. In contrast to those enter- 
ing study 1, however, these subjects wctb 
already takir^ mi^fbrmin as the sole oral 
antihyper:glycemlc agent in addition to their 
insulin therapy (1.000-2.550 mgi^day) and 
had been doing so for at least 1 year (rar^e 
2—11 yeai^. Metformin bad tseencomblnBd 
with insulin because of suboptimal 
glycemic control vrbcn using insulin alone, 
despite steady increases in dsSfy insulin 
dosage. Other inclusion and eacdusion crir 
leda were the same as for those of scucfy 1. 
and all entered an identical run-In phase. 
The entry criteria for the treatment phase 
were as follaws; stable ^ycemic contral and 
insulin dosage (baseline values to differ by 
^15%), noirnal renal (unction (creatinine 
< 125 pmol/l). and BMI >23 kg/m^. 

There were 15 qualifying subjects ran- 
domized to receive either metformin (500- 
or 850-mg tablets) or matching placebo in 
a regimen equivalent to tiieir normal m^- 
formin prescrlptian. which was stopped. At 
12 weeks, crossover took place, the creac- 
ment phase lasting a total of 24 weeks. 

Assessments were performed at 6-week 
intervah. followiiig the same protocol as in 
study I. At the corKhision of each visit, 
metformin or matching placebo was dis- 
pensed, and returned tablets were counted. 



Again, we aimed to keep insulin dosage 
constant for the duratlan of the treatn\em 
phases with adjustments made only in tiie 
piesence of hypoglycemia or significant 
hyperglycemic ^nnptoms. 

Analytic methods 

Plasma glucose, triglyoerides. total choles- 
tertsL and HDL Cholesterol were quandfied 
\Ff erti^maiic techniques uslpg an Olympus 
AU5200 anat^r (Olympus). HhAie was 
quantified after separation by low>pressure 
cation exchange chromatography in con- 
junction with gradient ehision using a 765 
Glycomat analyzer. LDL cholesteml was cal- 
culated using Friedewaldls formula (8). 

Statistical analysis 
Data are e>q>ressed as means ±SD. To assess 
the cfi&rences between the two treatments, 
we compared the char\ge In variables over 
the 12 weeks of each of the two treatment 
phases; the metformin phase or the placebo 
phase. Changes in variables have been cal- 
culated as values at the end of a 12-week 
phase minus values at ttie beginning of that 
12-week phase. For triglycerides, char^ges 
in values refer to ratios: end of period to 
stait of period. Differences between the 
changes in variables after metformin and 
fdaoebo treatment were analyzed usirig tiie 
method for a two-way crossover clinical 
trial described by Hills arxl Armicagq (9). 
wiiich takes Into account any differences 
due to order of treatment (fli^ or second 
phase) and also any caiiyover effects from 
or)e treatment phase to the next Mmns and 
95% CIs for the differences between treat- 
ments are given. 



Study 1 

recruited 20 sutjects, and 19 com- 
pleted the smdy One subject withdrew 
after the onset of diarrhea early In the met- 
formin p[^e. Baseline characteristics of 
the remaining 19 subjects are shown in 
Table 1. One si^iject suffered mild abdom- 
inal bloating and oompieted the study on a 
reduced dose of metformin (500 mg b.i.d.) . 
One subject suffered from a Vlth nerve 
palsy during the placebo phase; invertiga- 
ixoci concluded tl^ this was a complication 
of his diabetes. All exhibited poor but sta- 
ble glycemic control (mean of baseline 
HbAi^S.l ± 1.2% [nonnalran^ <6.5%]; 
mean difference between first and second 
baseline HbA^o 5.4 ± 4.5% of first value). 
Insulin dosage was also statue during die 
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Table 2— Remits &om study 1 : efitos of 12-week metfbnmn versus placebo on clinical and metebolic parameters 



Parameter 





Change aft^f 


Change aito 




P value 


Baseline 


12 weeks placetx) 


12 weeks metfonnin 


DiQierenoe 


81.1 1 16.9 


0.0 ± L8 


-0.5 ± 3.1 


0.5 (-1.0 10 2.1) 


0.465 


11.8 ±3,7 


1.9 ±3.8 


-3.8 ± 3.2 


5.8 (3.5 to 8.1) 


<0.001 


8.9 ± 1.0 


0.5 ± 0.9 


-1,1 ±1.3 


1.6 (0.9 to 2.4) 


<0.00l 


6.0 ±1.1 


0.0 ±0.8 


-0.3 ±0.7 


0.3 (-0.2 CO 0.8) 


0.248 


1.1 ± 0.3 


0.1 ±0.2 


0.0 ±0.1 


0.1 (-0.1 to 0.2) 


0.284 


2.2 ±1.3 


1.0 ±0.4 


0-9 ±0.2 


0.1 (-0.2 to 0.3) 


0.543 


3.9 ±1.2 


0.0 ± 0.8 


-0.2 ±0.6 


0.3 (-0,2 to 0.7) 


0.244 


138 ±16 


2 ±23 


-4.0 ±13 


8 (-11 to 23) 


0.452 


78±9 


4±11 


-3±9 


7(0 to 15) 


0.053 



Body weight (kg) 

FasUng plasma gluoo$e (mmol/0 

HbAic(%) 

ToUl cholesterol (mmoi/l) 
HDL cholesterol OnrunoVQ 
Triglycerides (mmol/O 
LDL cholesterol (mmolA) 
Systolic blood pressure (nunHg) 
Diastolic blood pressure (minHfi) 



Dac» sire means ± SD or means (9596 CD. Change wa$ caloulBced as the value at the scan of each 12-week, treatmeni period (mciTormin Of placebo) minus the value 
at Che end of thai l2-week tnatment period^ a negative value ImpUes a kiwerlng oTthac value. The diFra»vce was calcuiated by aibBracting change after metformin 
From change after placebo (wi^hcod according m ihe numbar oT podBntsracdving metformin firsc and die number rocciving placebo ilrtO. Pof iriglyoeridea, ^nges 
refer lO raxioa (end of period to start of period)- P values wen BBesaed usinB methods described by Hills and Amiitago. 



ru i>in phase, with oiily ot>e subject altering 
his or her total daily dose (4-U increase). 
Hie results of Study 1 are shown in Table 2. 
There was no ^dence of a treacmenc-ordef 
or caiiyaver eSiect Dtaily insulin dosage 
was relatively constant throughout the 
treattnenc phase: mean change during the 
placebo phase was +0.6 U and during the 
metfarmin phase -1 .9 U. Metformin treat- 
ment was associated wldi significant 
improvement in fasting plasma ghicose at 
the IZ-week assessment (mean dlfTerence 
ftom placebo 5.8 mmol/L P< 0.001). Sim- 
Uarly metfbrndn treatment was assodated 
with agnifirant improvement in HhAic at 
12 weeks ^nean diffo^nce borti placebo 
1.6%. P < 0.001). Insignificant numerical 
improvements in both HbAjc and faalng 
plasma ^ucose woie seen after 6 we^ of 
metformin treatment. There were no 
significant changes in weight, tiotal chotes^ 



terol, tii^ycerldes, HDL cholesterol, or 
diastolic and systolic blood pressure. There 
were no signfiicant correlations between 
change in BMI and change in fasting 
plasma ^ucose fx- HlsAie. No serious hypt> 
gly cemic episodes were reported, and comr 
plianoe was satisfactory as assessed fay 
G^let counting. 

Stu^yZ 

recruited 15 subjects, and 14 satssfecto- 
rlly completed the study One subject with- 
drew complaining of abdominal pain and 
gastric upset. She recovered, and her symp- 
toms weie Judged to be reiaiBd co a past his- 
tory of divertfcular disease. Baseline 
charactertsdcs of the subJecG vrho com- 
p]^ed the treatment phase are shown in 
Table L A]lexhibitBdstal^gl^f>cemicconirol 
(mean dlfierenoe between m^t and second 
baseline Ubfiiu 5.8 ± 4.7% of fiist value). 



Insulin dosage was also stable during the 
run-in phase, with only three subjects alter- 
ing th€dr dai^ total and each by Just 2 U. 
The re5ul3 of study 2 are shown In Table 3. 
'Him was no eviderxe of a treatment-^rder 
or canyover eSect While total daily insulin 
dosage remained relath^y constant during 
the medbrmin phase (piean change -0.2 
U), It tended to be increased during the 
placebo phase to oombat symptomatic 
hyperglycemia (mean Increase 9.0 U). 
Despite diiSi medbrmin treatment, as cx>m- 
par«i with placebo, was associated with 
significantly lower fasting plasma glucose 
values at the 12-week assessments (fnean 
difference 5.3 mn»lA, P = 0.029) and with 
s^nificandy lower HhAi^ (mean difference 
2.4%. F=0.003). Metformin treatment was 
also associated with lowo* total cholestaol 
values ai 12 weeks (mean difference from 
placebo 1.0 mmolA, P = 0.032} and also 



Table 9 — ^Kesuits fixim study 2: eSects of 12-week metfonnlD versus placebo on clinicsd and nretsboiic parameters 







Change after 


Change after 






Parameter 


Baseline 


1 2 weeks placebo 


12 weeks metformin 


Difference 


P value 


Body weight (kg) 


83.2 ±12.7 


-0.8 ±1.6 


0.3 ±2.2 


-1.0 (-2.2 to 0.3) 


0.116 


Fasting plasma glucoSe (nunol/l) 


10.6 ±4.2 


2.5 ±3.0 


-3.0 ±6.1 


5.3 (0,6 to 9.9) 


0.029* 


HbAu:(%) 


9.5 ±1.2 


1.4 ±1-5 


-1.1 ±1.3 


2.4 (1.0 to 3,85 


0.003t 


Total cholesterol (mmol/O 


6.4 ±1.2 


0.5*0,6 


-0.6* LI 


1.0 {0.1 to 1.9) 


0.032t 


HDL cholesierol (mmol/O 


1.2*0.4 


0.0*0.3 


OJ =1:0.2 


-0.1 (-0.4 to 0.2) 


0.439 


Trigjtyoerldes (mmol/^ 


2.5 ± 2.4 


1.1 ±0.3 


1.1 ±0.2 


0.1 (-0 2 to 0.3) 


0.665 


LDL cholesterol dumol/Q 


4.1 ±1.5 


0.4 ± 0.6 


-0,7 ±1.0 


1,0 (D.I to 1.9) 


0.028t 


$y$tolic hlaod presfiurt (rtimHg) 


144 ±23 


3 ±24 


1 ±18 


0 (-21 to 21) 


0.985 


Diastolic blood pressure (mmHg) 


37± 11 


-1 ±9 


3±9 


-6 {-14 to 2) 


0.135 



Data are means ± SD or mcazE (95% CD. Change was csJcubced OS die value at the sen ot eoch 1 2-week (reaimem period (fnetfomDn or placebo) mintis the value 
M ihb end or disc 12-week cnaunem period: a negadve value imfdles & lowering of diei value. The dlfiisrence was rainifcwwri ty subuTiomg change alter medbrmin 
firnn change aAcr piacebo (weighted according to the number of pedenisreceaving metfonnin firac and the number r^ccMng ploocbQ IbsO. For olgkyccndcs, changes 
refer to laitas (end of perttyd to start or period). P values were assesed ustng methods described by HUls and ArmiiaBa* '?< 04)5; t? < 0.0i . 
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with lower LDL cholestErol values (mean dif- 
ference firam placebo 1.0 mmal/l. 0,02?). 
Insignificanx numerical improvements in 
both HbAie, fasting plasma giuoose* and total 
and LDL cholesfieFOl were seen after 6 weeks 
of zn^farmln treatment There were no 
signiflcant change In weight, triglycerides, 
FDL chotestml, and diastolic or sys&oUc 
blood presure. There were no dg^ioficant 
conelailons between change in BMI and 
change In &ting pbsma gjucose, HbA^c, 
and LDL or toral cholesteioL No seclous 
hypoglycemic episodes were reported and 
compliance was con^dered sadsiactoiy 

Studies 1 and 2 combined 

When both sets of data were analyzed 
icgether, metfbrmin-associated improve- 
ments In festing plasma ^ucose, HbAici 
and total and LDL cholesterol remained 
significant (mean dlfiferences: fasting 
plasma glucose 5.6 nunol/l, P < 0.001; 
HhAu 2.0%. F < 0.001; total cholesterol 
0.6 mmol/1, P" 0.015; LDL cholesterol 0.6 
mmol/LP= 0.015). 



Llfes^le modifica- 
tions are first-line treatment for NIDDM 
patiems. However, only a minority achieve 
satisfactXMy metabolic control after 1 year. 
Second-line treatment is with oral antihy- 
pei^glycemic agents, usually a sulfonylurea, 
with metformin reserved for the obese. 
Upon feilure of oral entihyperglycemic 
agents, conversion to insulin therapy Is tiie 
usual next treatment Step. Many insuHn- 
treated NIDDM patients still achieve only 
poor glycemic control and suffix high 
GOixq}lication rates (10-13). Despite pro- 
gressive Increases In dosage, insulin may 
not improve diabetic control and often 
causes wei^ gain. NIDDM patients who 
are insulin-tzeated subsequent to oral anti- 
hyper:glycemic agent failure, who also 
exhibit weight gain and poor mecabdic 
oontn^ despite Incneasing insulin dosage, 
can us^uHy be described as having insulin 
ireamfient failure. 

There is no consensus on how best to 
treat poorly coniroUed iiisulin-treated 
NIDDM patients. Optloris include Intensi- 
fying tlie insulin regimen or combining 
insulin wiih an oral anxihyperglyoemic 
agent- The Veterans Affairs Cooperative 
Study on Glycemic Control and Con^lica- 
tions !n Type U Diabetes showed how a 
four-step intensive therapy regimen could 
substantially improve glycemic contrc^, as 
compared with a single morning insulin 
Injection regimen (14) . However, most of 



the decreffie in HbAjc occurred with a sin- 
gle dose of incermediate insulin at bedtime; 
the addition of glipizide and multiple daily 
insulin injections led to only small addi- 
tional decreases in HbAjc. Some studies 
have shown significanc improvements in 
gfyoenuc control and serum l^ds when 
sulfonylureas are given in addition to 
insulin (15) but have failed to show a fall in 
serum Insulin levels (16), despite raduc- 
tions in exogenous Insulin dosage, or a 
reduction In weight, and none have invest 
tlgatied long-teim effectiveness. 

There are few data on the adjunctive 
u^ of metformin. Metformin has been 
shown to be safe and eSiective in improving 
g^cemic control In NIDDM patients when 
dlei or sulforiylureas alone have been inad- 
equate (147,18) end. injust onestudyc in 
obese insulin-treaied NIDDM subjects (19). 
In addition, reductions in weight triglyc- 
eride. LDL cholesterol, insulin resistance, 
and plasminogoi activate inhibiEor and an 
increase in HDL cholesterol (2-5.20-23) 
have been recorded. The current studies 
fbuiid that acjunctive metformin therapy 
significantly improves glycemic control in 
NIDDM patients who have Insulin treat- 
ment Mure, redudr^ f^ng plasma glu- 
cose by 40% and HbAi^ by 20%. LDL 
cholesterol wk lowered by 15%. There was 
no apparent chanigein HDL cholesterol in 
corarast to some previous studies where an 
Increase has been associated with met- 
formin therapy (3,24). Long-term benefit 
from fx^etfoniiln is suggested by our sQicty 2 
data, where cessation of additional met- 
formin tho'apy in Insulln-tresaisd NIDDM 
resulted in a deterioration of glycemic oon- 
tnol and LDL cholescerol desp ite Increases in 
total dally Insulin dos^. The reduction in 
LDL chol esterol associated with metformin 
theTB^inour studies is of interest because 
of the Strong associatian between LDL cho- 
lesterol corKentration and the development 
of Ischemic heart disease and the demoiy 
stration that a reduction in LDL cholesterol 
is associated with a reduction of comnary 
mortality in nondlabetic men (25). Met- 
formin had no ^bct on weight in either 
study 1 or 2, In contrast with several previ- 
ous sulforrylurea and insulin combination 
studies (26.27). 

In conclusion, adjunctive metformin 
therapy may improve metabolic control in 
irsulin-treated NIDDM patients. 
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Effects of Rosiglitazone on Lipids, Adipokines, and 
Inflammatory Markers in Nondiabetic Patients With Low 
High-Density Lipoprotein Cholesterol and 
Metabolic Syndrome 

Frederick R Samaha, Philippe O. Szapary, Nayyar Iqbal, Monica M. Williams, LeAnne T. Bloedon, 
Arshneel Kochaf) Megan L. Wolfe* Daniel J. Rader 

Background — FPAR-7 agonists improve iDsafin sensitivity and glycemic control in type 2 diabetes and may reduce 
atherosclerosis progression. Thus, PPAR-7 agonists may be an effective therapy for metabolic syndrome. However, the 
faU specimm of potentially antiatherogenic mechanisms of PPAR-y agonic have not been fully tested in nondiabetic 
patients with metabolic syndrome. 

Methods and Resulis — We performed a prospective, ilouble-bliiided, placebo-controlled study of 60 nondiabetic subjects 
with low high-density lipoprotem cholesterol (HDL-C) level and metabolic syndrome to rosiglitazone 8 mg daily or 
placebo for 12 weeks. We found no significant effect of rosiglitazone on HDL-C (+5.5% versus +5.8%, and 
an increase in total cholesterol (+8% versus -1%; P^0.03), Nevertheless, rosigjitazone significantly increased 
adiponectin (+ 168% versus +25%; P<0-001), and lowered resislin (—6% versus +4%; P=0.009), C^reactive protein 
(-32% versus +36%« P'^O.OQZ), interleukin (IL)-6 (-22% veiaus +4%» P<0.(X)1X and soluble tumor-necrosis 
factor-cK receptor-2 (-5% versus +7%, P<0.001). 

Conehisians^ThGS& findings suggest that rosiglitazone, presumably through its PPAR-y agonist properties, has direct 
effects on inflanimatory markers and adipokmes in the absence of favorable lipid effects. These findings may help 
explam the mechanism underlying the possible anllatherosclerotic effects of rosiglitaione. (^rterioscler Thromb Vase 
BioL 20a6;26;624-6300 

Key Words: adipocytokines M lipids ■ inflanunatian ■ lipoprotein metabolism ■ arteriosclerosis 



The mctabolio syndrome is characterized by depressed high* 
deasi^ fipoproiein-cholesterol (EIDIXIX elevatBd td|^lyo- 
erides, central obesity, impaired glucose tolerance, and devated 
blood pressuie.^ Hiese climcal fkctORj undcdie an ovezall insulin 
icjdstanc and pro-inflanunatoiy state. Approximately 44% of the 
US population older than age 50 years has tiie metabolic 
syndrome,^ which is of concern, because it is associated with a 
60% higher picvalenoe of coionary heart diseasa^ 

Synthetic peroxisome proliferator-activated receptor 
(FPAR)-7 agonists, or thiarolidinediones (TZDs), including 
rosiglitazone and piogHxazone, improve insulin sensitlviry, at 
least partly throu^^ PPAR-y activadon in adipose tissue.^ and 
improve glycemic control in type 2 diabetes. Rosiglitazone 
laises HDL-C levels from 3% to 13.6%,^-^ and lowers plasma 
CRP levels^" in padcnts widi type 2 diabetes. Thus, in 
patients with diabetes* rosiglitazone has a variecy of effects 
that nugbt reduce cardiovascular risk. RosigtUazons has been 



shown to reduce die ptogression of carotid intunal-inedial 
ehidEncsSp^^ and pioglitazone was recent^ shown to lower die 
incidence of the combmed end point of death, myocardial 
infarction, and stroke in patients whh diabetes,^* 

A Tnajor question is whether these antiadierosclerodc e^scts 
of TZDs are secondary to favorable l^xd e£5ects or to other 
primnry c£Eccts of FPAR-7 activation. For example, macro- 
phages express PPAR-y, and TZD treatment of macrophages 
upiegulatBS ABCA-1, enhwnraw cholesterol effhix, and reduces 
the macrophage inflammably response^' Studies witti FPAR-y 
agonists in mice suggest that reduction in adierosclerosis may be 
mediated through dhect effects on macrophages.'^ 

Although there are substantial data on the effects of TZDs 
in persons with diabetes, the body of data regarding TZDs in 
persons without diabetes is much less complete. To investi- 
gate die potential for direct effects of rosiglitazone on lipids 
and inflamxnatoiy markers, we peifbimed a prospective. 
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doublcrbliiidcd study in which we randomized ntondiabetic 
subjects with Iqw HDLfC and metabolic syndrome to iccchre 
eidier rosiglilazonc 8 mg daily or a matching placebo for 12 
weeks. Our goal was to test the effect of rosiglitazone on 
lipids, adipoldne$, and inflammatory proteins in this snlv 
group of patients. 

Methods 

Stndy Participants 

The sLudy Approved by the Institutional Review C<)zttiDitie6fi at 
the UnivdSiiy of PetuuyWania and tbe Philadelphia VctoBiui AITeSxi 
Medical Ccnier, and an participants provided written informed 
confienL Sabjects were enrolled from outpadcnt practices berwaea 
April 2003 and Qelober 2004. The enrolled sobjccts ineluded men 
and womfin between the ages of 16 sod 75 years, with low HDL-C 
(<40 m^dL fdr men and <S0 ing/dL foi wanien). and at least 2 of 
ihe fdllowiag ciicetia: (1) abdominal otwsity (waist cirevnifBrence 
&40 inches in men and ^3S inches in womeiO; (2) blood proasiirc 
^ 130/85 mm Hg or the ongoing use of an antihypeitensive agent; (3) 
failing senim glucose level ^110 mgML; and (4) fasting scxmn 
triglyceride: level %150 mg/dL. SabJects were excluded it* they had 
an LDL-C level ^190 mg/dL, diabetes (defined by the nse of 
antihyper^yccniic TnedicaliOn Or a fastiAg glucose &125 mg/dL). 
uncanneDed hyperiensioD (> 180/1 00 mm Hg)« a senim triglyceride 
level >800 mg/dL, hepatic di&ea^, vascular disease* a chronic 
inflammatory disorder, surgery within 30 dayfi, active substance 
abuse, or any lipid-lowering Ibempy widiin the preceding 6 weeks. 

Study Protocol 

Subjects were rxmdomized in a doubl&-bHnd fashion to eidier 
ro^gliuusdne 8 mg Or an identical matching placebo once daily for 12 
weekfi (GlaxoSmitfaKIine, Inc). Randomization was performed by an 
unblinded investigational ph^macist, using a random number gen- 
eiaior (Rando; Hawkeye Sollwaiks). Paitieipams were instructed to 
ttsintaia their usual dietaiy and exerdse habits. Study assessmeais 
wEiD perfonned at bosdine, 6 weeks, and 12 weeks for the following: 
(1) wdgbt (Scaio-Tnmix digitoi scale: Scalc-TroobO and waist 
drcumibTeiicc; (2) blood prcssuie; Oi diet stabiliiy (tisougb dietary 
records, obtained £or 3 days before each visit and analyzed with The 
Mioncsoca Nutrition Data System v«nian 4.06 (Univsisity of Mm- 
nesota, Minneapolis, Minn); (4) exercise frequency (categorized as 
daily, 2 to 3 times per weclc^ oncc per week, once per month, or 
never); (5) aloohol use; (6) bioclectrical impedance assessment of 
tMXly compoaition (Quanimn n Analyser, RJL Systems); and (6) 
fasting blood araples for laboratory analyses. 

Laboratory Analyses 

lipoprotdn analyses wcie pcrfoxmcd st baseline and 12 weeks on 
similes obtained after a 12-bour fiist in a Centers for Disease 
Control-standaidized lipid laboratory. Levels of total cholesterol, 
HOL-C, and triglycerides were measured wi± a Gobas Fara n 
auioanaiyzcr (Roche Diagnostic Systems, Inc) using Sigma reagents 
(Sigma Chemical Co). Vny low-density lipoprotein cholestool 
(VLDL-C) Icvds were A»rpwwyfi^ aftex nUracemnfugation at a 
densily of IjQOtf gMiL. Levels of lipoprotBin(a) [Lp(a)] wete mea- 
sured using DiaSorin reagents (DiaSorin Inc). Levels of free faoy 
adds, phospholipids, free cfaolesierQ], apoHpopiotein (spo^A'h 
opoA-II, apoB, and apo&in were moasUT^ 00 a Hliacfai 9 12 
autoanalyzer using Wako rtngenuj (Wako Pmc Chemical Industries). 
Insulin. lq>tin, and adiponectin Icvcb wcm mcasnrcd by radioimmu- 
noassay (Unco Research* Inc). Lipoprotein subfiactions were mea- 
sured t>y proton nuclear magnetic resonance speccrosco|^ (Lipo- 
Scicoce, Inc). Insulin resistance was estimated with the homeostasis 
modd assessment or HOMA (plasma insulin [MlU/mLJXplasma 
ghicose [mmoVL] -5-22.5). Samples wcie assayed for CRP ynih an 
ultra-high scniritivity latex tmbidomctric immunoassay (Wako Pure 
Chemical Industries Ltd) on a Hitachi 912 Diltaana^rzcr. Plasma 
msisiin levels were measured by eni^me immunoassay ^nco 
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Diagram of the flow of subjects through the study. 

Research, Inc).'* Plasma levels of IL^ and ^TNF-a (die sohbk 
cleavage product of the activated tumor necrosis factor [TNF]-<i 
receptor) were measured with a oommeicially available enzyme 
immunoassays (R&D Systems). 

Statistical Analysis 

We efitimaied a 10%^ 14% greaier increase in HDLC with rosiglita- 
zone vdsus plaoeba**' To have 80% power to detect this difference, 
with a 2rtailed a=0.05, wc estiroaled the need fior a sample saitt of 52 
subjects. This sample size also provided 90% power, with a 2-tailcd a 

0.05, to detect a 25% greater decrease in CRP with rosighcazone, 
oompaiod widi plaoebo.^^ Based on sn estimated 15% dropout rale, wc 
chose to enroll 60 total subjects. Only subjects who completed the study 
were included in the primary analyses. 

Comparisona between ^vps for oontinooas vaiiables were per^ 
fbnned with analysis of covarianoe models. eaCh containing the 
basettne value of ibe response vaziable and an iodiefiior variable for 
treatment group. All data were assessed for a nonoaJ distribution 
before analyses. Levels of triglycerides, firee cholesterol, ftec &tiy 
acids, apdipoprotein C m, Lp (aX insulin, certain LDL aixl HDL 
subfiactians, CRP, IL-<6, sTNF-a, adiponscrin, and insulin resistance 
CHOMA) were skewed, and thus los-tiausfoimed before analyses. 
Resist] n levels were not completely normalized by log- 
tiansfoanation and were thus analyzed using the Maim-Whimey test 
(Wilcoxon rank sum test). Dkhotomous variables were compared by 

analysis or logistic icgreasion analyses. Comparisons of dietary 
nutrient composition between groups were made using die unpajred 
t lesL Pcnnm oonclation analyses were used to rest coneladons 
between non-ixnroally distributed variables. Noxmolly distributed 
ccmtinuous variables arc given as means with SD, and non-normally 
distributed variables arc given as medians with iniernpiartile ranges. 
All analyses were perfonned using SPSS 11.5 (SPSS, Inc). 

Results 

The final study gioop included 30 subjects assigtted to 
receive rosiglitazone and 27 subjects assigned to receive 
placebo (Figure). One subject was missing data for measoro- 
ments of lipoprotein particle sizes, adipoldnes, and inflam> 
matory maikcrs, because of a labcratary error, 

Pifly-diree perv^t of the partScipancs wcic black. There 
were no significant difEenmocs in baseline diaracisristics 



PA(X33I70'RCVDAT6/7I20067:17:59PM (Eastern Daylightronel'SVIlU^^^ 



06/07/06 16:31 FAX 16192350176 



KMO B SAN DIE GO 



€1034 



e26 Afterioscler Tkromb Vase BwL Mardi 2006 



TABLE 1. Ba&dineChaiaoterlsilcsfiPfiiidPartlciiNiiils 



Subject Ctoracteristics 


Rosiglitazone 
(n=30) 


Placebo 
(n=^27) 


P 


Age, yeans 


54:£:a 


57±9 


0.12 




26(87) 


24 (B^ 


0.80 


Race 








Black 


16(53) 


14(52) 


0^ 




11 37) 


11 (41) 


0.75 


Hispanic 


2(7) 


2(7) 


0.91 


Native Ameilcan 


1(3) 


0|P) 


034 


weight Kg 


ioa±i5 


105±1B 


0^0 


Botfy macs Index, kg/m> 


35±5 


34±6 


0^ 


Waist dicumference, incfm 


45:3:4 


43±10 


a37 


Systolic blood pressure, mm Hg 


138±16 


134±12 


0.33 


Diastolic blood pieeswBi min Hg 


82±12 


79±10 


0.38 


Current smoKeid 


10(33) 


13(48) 


0.26 


Current emanol userv 


10(33) 


13(48) 


0.26 


Cpticomftant madlcatlons 








Aspirin 


8(20) 


5(19) 




Nonsteroidal amsitflTOnBttinr nradlcaOQ 


re 11(37) 


10(37) 


O^fi 


Antuiypertenslves 


14(47) 


17 (S3) 


0^ 



Variables given as rnean3±SD, or as n 0^ Of tteatment group). 

between the study groups (Table 1). There was ao signif- 
icant diffeitncc in exercise frequency between the groups 
at baseline (P=0.24) or 12 weeks (P=0.70) (data not 
shown). No sutjects started lipid-loweang dierapy during 
the study. 

Changes in Vfm^t, Blood Pressure^ fwgniin 
Resistance, and Free Fatty Adds 

There was no significant effect of rosiglitazone on body 
weight (P=0.51), wai5l drcumfcicncc (P=0.15), dietary 
intake (all F>OA\), or percent fat mass (^=0,085) (data not 
shown). Systolic blood pressure decreased by 9 ±15 nun Hg 
on rosiglitazone, but also decreased by 5±L3 mm Hg in Che 



placebo group (Pb0.68X Diastolic blood pressure decreased 
by 2 ±10 mm He on rosiglitazane gmup and increased by 
3±:1 1 mm Hg on placebo (P-0.16). 

The decrease in insulin resistance (as estimated by die 
HOMA equation) (-26% in both groups; P==0.23) and in fiee 
fatty acid levels (—16% versus —4%, respecdvely; P=0.l6) 
(Table 2) were not sigoificandy different between the rosigli- 
tazone and placebo groups. 

Changes in High-Density Lipoproteins 

There was no significant difference in the change in 
HDL*C level between the f osiglitazone and placebo groups 
(+5.5% versus +5.8%, respectively, P=0.89) or apoli- 
poprotein A-1 levels (-1.4% versus +0.6%; P«0.10), but 
a significantly greater increase in apolipoprotein A-H 
(+16% versus +3%; P<0.001) in the pardcipants receiv- 
ing rosiglitazane, compared with placebo (Table 3). The 
subjects receiving rosiglitazone experienced a greater de- 
crease in large HDL (P =0.038) particles and a greater 
increase in medium-sized HDL particles (P= 0.033). There 
was no signifxcant change in small HDL particle ccnoen- 
tration (P=0.092) (Table 4). 

Changes in ApoB^ontaining lipoproteins 
As shown in Tabic 3, there were greater imzeases in leveb of 
UTtal cholesterol (+9% veisus -2%; P=0.030X fiee (unesteri- 
fied) cholesterol (+14% versus -2%; P=0.015), and non- 
HDL-C (+9% ve«us —2%; P=0.028) in the groiqi receiving 
rosiglitazone cmnpared with placdx>. ApoB also increased more 
on rosigritazone, (+10% versus -2%; Pb0.021). Ndduz 
LDL^ (+0% versus -4%; P=0.42), VLDL^ (+40% veisns 
+2%; P=0.076) or triglyceride levels (+4% versus -3%; 
P=0.40) responded significantly differently in those receiving 
rosiglitazone compared with placeba Wc did not find any 
sigmficanc efiects of rosiglicazone liealment on LDL particle 
size (Table 4). 



TABLE 2. The Response of Insulin, ^ucose, and HOMA-IR In Traafment 



Variable ([i=2d and 27) 



Baseline 



12 Weeks 



CMenge 



^Insulin, /UJATtL 

Rosiglitazone 
Plaoebo 
Glucose. rngML 
Rosiglitazone 
Placebo 

Ros^ltazone 
Placebo 
*Pfee fdtty antfs, m&q/L 
Rosiglitazone 
Placebo 



18.6 (15.7 Id 31.1) 
17^ni^l0 23^) 

e3±ie 

90±10 

4.3 ^4 to euQ) 
3.8 (24 to 5.4) 



17i) (11.2 Id 28^7) 
15.3(11.010 21.8!) 

e0£l3 
82±17 

3.6(2.1tD5.Q 
3.2 (^1 to 4.S) 



0.43(0^10 0^ 0^0-2810 0.59 
0.56 (0.37 to 0.87) 0.52 (0.35 to 0.7D) 



0.76 



-4.8 (-8.6 to 1.7) 
-3.5 (-5.7to3.C^ 

-3±12 
-8±17 

•*1.1 (-2.3 to 0.S) 
-1.0 (-1.7 to 0^) 

-0.07 (-0.21 to 0.09 
-0.02 (-ai7 to 0.08) 



0.77 



023 



ai6 



values witti an asterisk are skevred and given as the median wttti Interquartile range. Other values 
are given as inean3±SD. Pare for betareen-group cDmparisona of the changes hBtween bassllrw and 
1 2 weeKs. TWO suojaets ware excudsd Iran the snaiyeis or msmm, gmcoss, ana homa-ir becausa 
of outlier values tor lasling insulin (>100 fiU/hl). 
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TABLE a. Tin Response Of UpU and UpnprotDra Uvels to TreBtment 



V^rlaUe (n=30 and 27) 


BaseDne 


12WeeKB 


Ctiange 




Total cholesterol, m^^dL 








0.090 


RDSlslltazm 


20Z:£30 


219±44* 


16S40 




Placebo 


187±3$ 


195±37 


-2±23 




VLDl-CmgAlL 








0.078 


Roslglltazone 


3S±20 


53±S6 


15±44 




Placebo 


41±19 


42S29 


1±21 




LDL-a niB/dL 








a42 


RDslglitazone 


12d±29 


129±36 


0Z31 




Placebo 


^21 ±35 


117*38 


-5±24 




HDL-C mg/dU 








0.89 


RosiolitBZDne 


38£5 


37±7 


2±8 




Placebo 


34±5 


3fi±6 


2±5 




Non-HOL-C. ma/dL 








0 028 


Ros1SI&zon& 


167±29 


181 ±44 


ig±40 




Piacdbo 


162±37 


159±36 


-3±22 




*Trig!ycoides, mg/dL 








0.40 




158(11910 233) 


192(10510 236) 


6 (-33 ID 54) 




Placebo 


190 (137 to 262) 


160 (116 ID 279 


-6 (-60 to 34) 




*Lp(a), mg/dL 








0.55 


Roslginaiona 


^.0(11.2 to 42.6) 


16.6(10.$ Id 3S.7) 


-as (-4.5 to 1.6) 




Placebo 


22.7 (77 Id S6.1) 


18.8 (5.510 46.1) 


1.7 (-3,9 to 3.6) 




*Ree Umkisdeiuli niQ/dL 








aois 


Rosigiltawo 


SO (45 to 53) 


53 (51 to 61) 


7 (2 to 11) 




Placebo 


50 (44 to 57) 


52(4410 59) 


-1 (-3 to 3) 




ApoH mg/dL 








0.10 


Ros^litBZDne 


9B3±2ZB 


g7.B±13.4 


-1.4±Z1.1 




Placebo 


102^±8.5 


103.9±9.1 


0.7±10.4 




ApoA-n, mg/dL 








<0i)01 


Hodiginazone 


28J±3.7 


32.7±4^ 


4.4±2,5 




Raoebo 




29.6t2J 


o.e±i.5 




/^B, mg/dL 








0D21 


Rosiglitazone 


92±21 


100±1B 


dJl±25.2 




Placebo 


94±16 


92±16 


-Z6±9.4 




^i^-ni, mg/dL 








0.15 


Roslgihazone 


10.1 (7^ to 12.1) 


10.8(8.7 to 14^ 


1.1 (-0.910 2.6) 




Placebo 


10^ © I to 15.(^ 


WA (8.41015.9) 


-0.1 (-2.6 to 2.3) 





Values are medians witti inteiquailile range. Olher values are given as means ±S0. P are (or 
bebnreen-graup comparlsans of Ihe chanQee In vanabtes behween basefine and 12 weela. 



Effects on AdSpocytokines and 
Inflammatory Markers 

We observed a highly signMcattC 168% incica^ is adiponeo 
dn in the rosiglilazone ^oup, compared with a 25% increase 
in Che placebo group (F<0.001) (Table 5). We also observed 
a 6% decrease in resisdn in the rosiglhiizone group, cotxipdacO 
with a 4% increase in the placebo group (P=0.01) (Table 5). 
Those assigned to rosiglitazone experienced a greater de- 
crease in CRP level (-3296 versus +36%; P=0.0Q2), IL^ 
(-22% vdsas +4%; P=0.<X27), and sTNF-a (-5% 
versos -1-7%; J»<0.001) (Table 5). In die gnmp teoeiviAg 
rosiglitazone, ibcre were dgnificaot correlations between the 
changes in resistin and changes in both 1L-6 (r=0.55. 



^=0.003) and sTNF-a /? (r=0.40, P=0.033). but not wifli 
the change in CRP (r=0.22, F=0.2S), There were no signif- 
icant correlations between changes in HOMA-IR and any of 
the inflammfltory markcis (all r<0.09). resistin (r— — 0.26, 
P=0.18) or adiponectin (r=O.OS) in the rosiglitazone group 

Safety and Tolerability 

The average adherence with sojdy mcdicadon was 95%±5% 
for rosiglitazone and 95% ±5% for placebo (^=0.66). There 
were 30 mild to moderate adverse events reported by 17 
individuals receiving rosiglitazone and 30 mild to moderate 
events by 14 mdividnals receiving placebo (F=033). One 
sutjea assigned to rosiglitazane experienced a substantial 
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TABLE 4. Response Of Gpiiiiroltin particle dl^ 



Uartable (N« 29 AND 27) 






12 weeks 


Change 


F 


LOL particle vuimutilfBtiOII 


(uinoi/U 








0.38 


Roslgfttazone 




1504^307 


1«9±363 


55±274 




Placebo 




14S3±3a9 


1446±469 


-6±234 




LDL paifidfl azd (nm) 
H06i9lltaion9 




i9J±as 


20.0^0.7 


0.21±0.56 


D.29 


Placebo 




I0.9±a4 


19j9±0.6 


0.06sO>42 




Smell LDL. rag/dL 
Hoslglttazons 




1306±335 


1289=436 


-17±354 


0.98 


Placebo 




1Z59±386 


1241 ±494 


-17±24B 














0.88 


Rosiglilazane 




2593:71 


253±91 


-6±Ba 




Placcba 




2€4±e$ 


252±64 


-2±53 




Uarge LDL. mgAfl. 










D.10B 


Rosigritazone 




101 (49 to 209) 


141 P01O332) 


52 (-38 Id 141) 




Placebo 




12D(G21d231) 


99 (37 Id 261) 


-B (-42 to 42) 




HDL psiUcls conccntiztlGf 


1 (MfnoVL) 








046 


Rostglitazone 




26^3 


262:4 


-0,1 ±4,2 




Placebo 




Z7±Z 


27±3 


-0-1 ±2^ 




HDL paifide size (nm) 










0.34 


RosiglitBZDno 




28.0S8.5 


26.0£e^ 


-0.03^0.25 




Placebo 




27.a±8.5 


2r.0±8.5 


-Oi)1±a23 




small HOU niy/dL 










0.092 


Roslglitazone 
Placebo 




20.6±3.4 
22.4±3.7 


19.0±5-5 
22.1 ±3.7 


-1j6±5.0 
-Q.2±3.3 




"Modium HDL, mg/dL 










0.033 


RoagOtaiQne 
Pteoebo 




1.7 (Q.4 to 3.B) 
1^(0.2 to 3.3) 


3^ {\A to 7.6) 
1.7(0^ to 3.4) 


1.6 (-0.2 to 4.3) 
0^ (-1.4 to 1.9) 




*Lai!ge HDL. mg^dL 










0.03B 


RoslgUtazone 
PiBcebo 




Z.2 (1^ to 3.8) 
2.1 {^.S to 3.6) 


1.9 0.010 3.0) 
2.1 (1Jto3^ 


-0.6 (-1.3 to OJ!) 
0.1 (-0.5 to 0.8) 





*Values are given 83 modlans with inteniuartile range. P aie Itir between-gnxq) oonipaflsans of the chendes in 
variables between basefine and 12 weeks. 



increase in total cholesterol and tri^ycendea, requiring ter- 
minaticni from the stiid|y 1 week eady. 

Discussion 

We invesQgatDd the effects of rosiglitazone on lipoproteins, 
adipoidnes. and inflanmiatoiy mazkers in patients with low 
HDL<: and metabolic syndzome. Our snbjects were obese, 
highly insnlin-resistant, and included 53% blades. Rosiglita- 
zone modestly increased total cholesterol, LDLrC, and non— 
HDLrCt h^ DO significant effect on HDL-C, but had favor- 
able effects on adipokiiies and infla mmftt my madccrs. 

Our finding diat rosiglitazone did not raise HDL-C in patients 
with metabolic syndrome aie consistEnt with die findings from 3 
previous studies of patients widiout diabetes, 2 involving pa- 
tients with CQiDnaiy aitecy disease^^*'^ and 1 involvii^ nonobcse 
patients widi metabolic syndrome.^^ We found no effect of 
lOsiglitBZDDe on apoA-l levels^ but an hicreasB in apoA-II levels. 
ApoA-n has been assodated with visceral &t aocumulatioD and 
impaired cataboUsm of large VLDL particles.''* It ts dius 



IntziguiAg to specolaie that upicgulation of apoA-Hmay oontiib- 
uie to an increase in VLDL-C levels, die most readily available 
clinical measure of tri^ycciidc-ii^ remnant hpoprotems. In our 
stody, mean VLDLhC concentration increased by 40% on 
cosiglitazQ&e. although fins change cfid not differ significantly 
from the placebo group. 

In COOirast. we foond overall favorable effects of rosigli- 
tazone on adipoidnes. including a significant tociease in 
adiponectin levels. This increase in adiponectin may be 
attributable to a direa effect of rosigUtazone od adipocytes^ 
and possibly macrophages.^^ Adiponectin has been shown to 
play a role in moduladng insulin sensitivity^ and to be 
increased by rosiglitazone in patients with diabetes.^ Fur- 
thermore, incteasing quintiles of adiponectin levels have been 
associatsd with decteased risk of myocaxcfial infazcrion," 

Our stody demonstnUss that rosiglitazoAe lowers rcsistin 
levels m patients wiOi metaboUc syndrome, as recently 
demonsnated in one small study of 14 patients wim type 2 
diabetes.^ Resistin was originally found to be secreted by 
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TABLES. The Response of Mipokim and Mammal 
Treatment 



Variable 


Besenne 


12 Weeks 


Ctiange 


P 


Adlponeciln. mg/L 








<0.Q01 


Ros'igBazDnB 


6.9(3.710 9.6) 


18.7(10.5 to 2B.7) 


11.6 (6.4 tDl6.0) 




Placobo 


7.1 (4.1 to 9.4) 


6,9(^1012.6) 


1.B(p.7to3.8) 




Reslstln, ngAnL 








0.009 


Hosiglitezone 


13-2 (11J3 to 17.1) 


124 (10.5 to 17,7) 


-0.8 (-2.010 0.2) 




Ptacobo 


ia.2nOJtDlB.7) 


13.0 00^(0 20^ 


0.5 (-0^ to 1.1) 




hs-GRP, mgA. 








a0D2 


Ros]g)ltazon9 


1^0-110 3.6) 


1.7(0.7toZ.B) 


-0.6 (-1.4 to 0.3) 




Placebo 


3.1 (2.1 to 5.4) 


3.8 (2.7 to 7.7) 


1.1(-l.ltOZ.7) 




0.-6, pg/mL 








0.027 


Roslotttazone 


1.8(1.31024) 


1^(1.0 Id 2^ 


-04(^0.910 0.^ 




Placebo 


^1 (1.4 to 2^ 


2^(1.610 2^ 


0.2 (-0.6 In 0.7) 




eTNF-<» R2, pg/mL 








<0.001 


RosiolrtBZone 


2393 (2043 to 2B24) 


2134(1957 to 2725) 


-143 (-341 to 36) 






2395(2031 to 2873) 


2592 (2071 Id 3009) 


146(3410 200) 





Values are provldB<l as median with Inteiquartile range. Pare lor bebtfddn-group comparlsone Of 
the changes In variables betvean baseline and 12 weeks. Two addmonal subjects (1 from each 
Oroup) were excluded In the analyses for nflannnatonr markera and adipokineei one because of a 
urtnaiy tfact uiUbcCqTi and omtfier l)eGau8e of 90Ut. 



adipocytes in ndcc, in which it caused impaired Insulin 
action." lo humans, however, resistin is predominantly pro- 
duced by macEoph^ges in xesponse to iflflammatory stimuli 
and is almost vndeti^table in adipose tiisae.^' Rosiglitazonc 
may dins have a direct effect on fesislio expression, such as 
dnough macrophage PPAR-7 activation. We have recently 
shown that resistin levels independently conelate with degree 
of coronaiy artciy calcificaiion.^' 

RosigUtazone also significantly reduced levels of CRP» 
ILr6, and sTNF-a R\ Sixnilai icsponscs for CRP and IL-6 
were previously found in patients with diabetes.'*^ We found 
a significant coneladon between the rosiglitazone-induood 
changes in resistin and changes in the inflammatory markers 
IL-6 and alNF-a B^. These findings are consistent With our 
previous findings of a significant oonelaiion between base- 
line levels of resistin and sTNF-a i?*.** Rosiglitazone has 
been shown to lower CM? in nondiabetic patients whh 
coronary artery diseafe'^ and in nonobese Taiwanese patients 
with metabolic syndrome.'^ 

The HDL effects of rosiglitazone differ ftom those of plo^- 
tazone. The leoeady published GLAI study diiecdy oompazing 
losiglhaicone and piogJitazone in patients wi^ diabetes showed 
a increase in HDL-C wifli piogEtazoiie versus a 7.8% 

increase with rosiglitazone.^^ Rirtheimore^ we recently per- 
formed a study with pioglitazoue in patients with metabolic 
syndrome that was similar in design to the current study, and 
showed a 14% increase in HDL-C widi pioglitazoue.^ In 
patients with diabetes* pioglitazone also reduced triglycerides to 
a greater extent than rosiglitazone,^ although this could have 
been influenced by their selection of patients with devated 
baseline triglyceride levels^ Similariy* in our 2 separate studies in 
ixnidiabetic subjects With metabcdic syndrome, pioglitazone 
reduced triglyceddes mote than fosi^lhazone. The mechanism 
undedying ftiese di£fereisdal efiiects between agents consideied 



to be ligands for the same PPAR-7 receptor remains unclear. 
However, a {srevlous study has shown incompletely overlapping 
tzanscriptional regulation by TZDs." Fioglitazonc has been 
suggested to have modest effects on activating which 
could contzibuiB to its moro potent effects cm HDL^ and 
tiiglyGende levels.'* Whereas neidicr apoA-I production rate nor 
fractional cataboHc rate appears to be affected by pioglitazone, 
apoC-m was reduced by pioglitazone, consistent with a PPAR-a 
effecL^ This effect may account for the decrease in triglyceride 
concentration with pioglitazone, and could iudiitctiy increase 
HDL<: via CETP-mediated exchange of VUOL triglycetides for 
HDL ch^tePoL loteresiingly. pioglitazane has been shown to 
increase expression of fittty acid ooddalion enzymes in adipose 
tissue^ as wdl as increase expression of PPAR-a itself which 
might also ooDtribute to changes in triglycerides and/orHDL.^ 
Both roaglitazone and pioglitazGne exerted potent antiinflam- 
matoiy effects and more than doubled adiponcctin levels in our 
stndies. 

Although randomized, double-blinded, and placebo* 
controlled, our smdy had important limitations. We estimated 
insulin lesiscance through the use of the HOMA index, 
whereas dynamic measures, such as die fiequcntly sampled 
intrayenous ghicose tolerance test« are better vaEdated. Our 
observed 26% reduction in HOMA-IR wiOi rosiglitazone is 
consistent with that found in previous studies in patienis 
without diabetes.*^'" The fasting glucose levels m the control 
group were higher at baschnc than in the rosigUtazone group, 
and die comparable decrease in HOMA-IR in the control 
group may be attributable to the decrease in fasting glucose 
level in tliis gronp between baseline ami follow-up, represent- 
ing regression to the mean. There was no measuiBblc change 
in weight, exercise, or other lifestyle that would otherwise 
have accounted for this diange. Thud* we used a 12-week 
trcalment period* and 1 previous smdy suggested that ihc 
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metabolic response to rosiglitazone may evolve over a 1-year 
period of time.^ Last, our study was also Bimted by the 
inclusioii of a small number of women. 

In this prospective, doaUe-bliiided study, in wMch 60 oondi- 
abedc padents with metabolic syndiome wete randoinized to 
n)!d^lita£one 8 tag or placebo for 12 weeks> we found diat 
rosiglitazone had modesdy unfavocable overall effects on 
plasma lipids but agmficantly raised adiponecdn levels and 
reduced resistin as well as other madsis of inflammation. Ihus, 
our data support die ooncepi that the pocendal amiatherosclerotic 
effects of rosjgUtazQne may be partly related to direct effects on 
acfipokines and inflammadon. The ongoing Rcfiiglitazone Eval- 
uated for Cardiac Outcomes and Regularion of Glycemia iu 
Diabetes (RECORD) 1^ wiU test whether rosiglitazone loweis 
the inddence of cardiovascular events. A reduction in caudio- 
vascular events widi zosigUtazcme in diis tdal would mors 
retlect losigHtozofle's favocable effects on adipokines and in- 
flammation thflin its Iqnd-xelaled efijgcfcii. 
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Oral Therapy in Type 2 Diabetes: 
Pharmacological Properties and Clinical Use of Currently 

Available Agents 



Charles M. Clark Jr., MD 



Abstract 

Type 2 diabetes is associated vrith not only hyperglycemia, but also other atherogenic risk factors, 
including hypertension and dyslipidcmia. Thus, the objectives in the management of type 2 
diabetes are to maintain blood glucose levels within an acceptable range and to treat co-existing 
conditions, thereby diminishing the incidence and severity of long-term complications. The 
mainstays of type 2 diabetes management are dietary and lifestyle modifications. However, when 
these measures fail to maintain adequate glycemic control, oral drug therapy is initiated. Available 
pharmacological agents include the sulfonylureas, the biguanide metformin, acarbose, troglitazonc, 
and rcpaglinide. Pharmacological differences among these agents may determine their 
appropriateness for specific patient groups. Although all of these agents are effective in treating 
type 2 diabetes, metformin and troglitazonc may offer additional benefits with regard to the obesity 
and dyslipidemia associated with the disease. 



Type 2 diabetes (non-insulin-dependent diabetes mellitus) is a metabolic disorder whose etiology 

and pathogenesis are not completely understood,* yet it constitutes 92% of cases of diabetes in the 
United States. The two primary pathogenic factors leading to type 2 diabetes are insulin resistance 
and decreased insulin secretion, which arise from abnormalities within the liver, skeletal muscle, 
and pancreatic ft -cells. 

The extent of these defects varies among type 2 diabetic patients. Impaired insulin sensitivity 
occurs at the tissue (liver and skeletal muscle) level, and it is a predominant finding in overweight 
diabetic patients. Impaired insulin secretion occurs at the level of the pancreatic P -cell and occurs 
primaiily in lean diabetic individuals.^ Although large-scale studies have yet to confinn which of 
these abnormalities prevails, recent studies in small patient populations suggest that insulin 
resistance may be the primary defect,^'^ but that a defect in insulin secretion is a prerequisite for 
progression to type 2 diabetes.^ 

Insulin resistance is characteri?.ed by decreased uptake and metabolism of glucose in skeletal 
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muscle-'"^ and by hepatic overproduction of glucose. Patients with insulin resistance have 
significant hyperglycemia, even though their plasma insulin levels may be noraial or increased. 

The hyperinsulinemia that occurs in these patients is compensatory, as the pancreatic (3 -cells 
attempt to reduce hyperglycemia.^'^ Hyperinsulinemia also reflects impaired insulin sensitivity and 
may result fit)m defects at the level of the insulin receptor, in messenger signals, or in the glucose 
transporter system.^*'* 

Moreover, insulin resistance is associated with several atherogenic abnormalities that increase the 
risk of coronary heart disease (CHD).^"^^ These include increased plasma triglyceride levels, 
decreased high-density lipoprotein (HDL) cholesterol levels, and hypertension. The combination of 
insulin resistance and its associated atherogenic risk factors has been referred to as "Syndrome 
X ^ 

The second pathogenic factor, defective insulin secretion, is believed to contribute to the 
development of overt type 2 diabetes, particularly fasting hyperglycemia. Although fasting plasma 
insulin is frequently increased in patients with type 2 diabetes, insulin secretory defects in the 
pancreatic P -cell are also present. These defects appear to occur early in the course of the disease; 
in the majority of individuals there is a loss of first-phase insulin response to an intravenous 
glucose challenge. Therefore, defects in both insulin resistance and insulin secretion contribute to 
the etiology of type 2 diabetes.^*'* 

As the disease progresses and hyperglycemia worsens, pancreatic P -cells no longer adequately 
respond to the glycemic stimxJus, and insulin secretion declines. This combination of effects 
results in chronic hyperglycemiaj which further impairs insulin secretion and action.^*^'^^*^^ This 
concept of chronic increments in plasma glucose levels leading to progressive impairment of 
insulin secretion is referred to as ''glucose toxicity" and is an important aspect of type 2 diabetes 
treatment.^'^ 

! 

Table L Targets for Metabolic Control and Body Mass Index in Type 2 

Diabetes Patients 
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Target 

Fasting plasma 

glucose (romoL/L) 
Postprandial plasma 

glucose (mmol/L) 
Glycosylated 

hemoglobin* (%) 
Total cholesterol (mmol/L) 
HDL cholesterol (nmiol/L) 
Fasting triglycerides (mmol/L) 
Body mass index 

Men (kg/m^) 

Women (kg/m^) 



Ideal 

4.4^.7 

4.4^,9 

<mean + 2SD 

<5.2 
>1.1 
<L7 

<25 
<24 



Acceptable 

<7,8 

<10 

<mean + 4SD 

<6.5 
>0.9 
<2.2 

<27 
<26 



*Mean and standard deviation (SD) for nondiabetic individuals detenxiincd by each particular 
hospital laboratory. These values correspond to 1% and 2% above the normal range. For HbAic 
with an upper limit of normal of 6%, for example, the ideal would be <7% and acceptable <8%. 



Because type 2 diabetes is frequently associated with hyperglycemia-induced long-term 
complications, hypertension, obesity, and Upid abnormalities, early detection and management of 
type 2 diabetes is important. The primary treatment objective in the management of type 2 diabetes 
is to achieve and maintain good glycemic control. Controlling co-existing conditions, detecting and 
treating chronic complications (e.g., retinopathy and neuropathy), and avoiding hypoglycemia are 
secondary objectives.^'^^*^^ Table 1 summarizes targets for metabolic control and body mass index 
in type 2 diabetic patients,^ ^ In overweight individuals, these abnormalities improve with weight 
reduction and exercise. Only when this approach has been ineffective should drug therapy be 
initiated.'^ 



Table 2. Pharmacological Differences Among Metformin, Sulfonylureas, 

1S-23 

Acarbose, Troglitazone, and Repaglinide^^"^ 
Characteristic Metformin Sulfonylureas Acarbose Troglita^ODe Repaglinidc 



Mechanism of 4 hepatic t pancreatic 



action 



glucose insulin 
production and secretion 
gluconeogenesis 

t peripheral 
glucose 
utilization 
i intestinal 
glucose 



i digestion of 
complex 
carbohydrates 
and 

disaccharides to 
absorbable 



monosaccharideSut2ii2ation 



4 hepatic t pancreatic 
glucose insulin 
production and secretion 
gluconeogenesis 

T peripheral 
glucose 
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absorption 



Blood glucose |in 
levels hyperglycemic hyperclycemic hyperclycemic 

state only and state only 

normoglycemic 

states 



i in 

hyperclycemic 
state only 



4 in 

hyperclycemic 
and 

normoglycemic 
states 



Plasma insulin | or unchanged t 
levels 



Unchanged 



T 



Body weight i or unchanged T 



i or unchanged Unchanged Not known 



Plasma lipids 
intype2 
diabetes 
patients 



4ldl 

cholesterol, 
total 

cholesterol, 
triglycerides 

t or no effects 
on HDL 
cholesterol 



No significant No consistent 
effects effects 



Tldl 

cholesterol, 
total 

cholesterol, 

1 triglycerides 

t or no effects 
on HDL 
cholesterol 



No significant 
effects 



t = Increased/enhanced; i = Decreased/suppressed 



PHARMACOLOGY OF 
ANTIDUBETIC AGENTS 

Antidiabetic agents available for the treatment of type 2 diabetes include the sulfonylureas, the 
biguanide metformin, the cr-glucosidase inhibitor acarbose^ the thiazolidinedione troglitazone, and 
the meglitinide repaglinide. Although these therapies are effective antidiabetic agents, their 
mechanisms of action differ (Table 2).^*"^^ 

Sulfonylureas 

Sulfonylureas work predominantly through pancreatic mechanisms, although extrapancreatic 
mechanisms may also contribute to their antihyperglycemic efieGts.'"*'^^ 

Pancreatic Effects 

Sulfonylureas stimulate the release of insulin from pancreatic ^ -cells. Studies in which 
sulfonylureas have been administered to pancreatectomized animals and to patients with type 1 
(insulin-dependent) diabetes mellitus and pancreatic diabetes have demonstrated that these agents 
exhibit a hypoglycemic effect only if a functional pancreas is present 
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The mechanism by which sulfonylureas stimulate insulin secretion appears to be 
receptor-mediated. Insulin secretion is initiated when the drug binds to a cell surface receptor on 
the pancreatic ^ -cell.^"*'^^ This interaction inhibits the efflux of potassixim ions and causes 
depolarization. This depolarization then causes a calcium channel to open, which in turn causes an 
influx of calcium, leading to the release of insulin. 

Extrapancreaiic Effects 

Although it has been proposed that numerous extrapancreatic effects may contribute to the 
hypoglycemic effect of sulfonylureas, it is unlikely that these effects are clinically relevant. Two 
mechanisms in particular have been reported^ ^'^^ involving the potentiation of insulin action--on 
the liver to decrease hepatic glucose production and on skeletal muscle and adipose tissue to 
improve carbohydrate transport. However, the relevance of these actions to the overall efBcacy of 
the sulfonylureas is modest- 

Metformin 

Unlike the sulfonylureas, which are classified as hypoglycemic agents, metfomiin is more 
accurately described as an antihyperglycemic agent because it does not cause hypoglycemia when 
used alone in type 2 diabetic patients. Metformin lowers plasma glucose levels in type 2 diabetes 
by reducing insulin resistance. This pharmacodynamic action partially reverses the underlying 
pathophysiology of Syndrome X. Metformin monotherapy-induced reduction of hyperglycemia is 
similar to that achieved with sulfonylureas in obese and nonobese patients.^*^^^^ 

Hepatic Glucose Production (HGP) 

As a result of insulin resistance, excessive HGP is a major feature of type 2 diabetes and a major 
contributor to the hyperglycemic condition."^'"*^ Metformin reduces HGP by 9-30% in patients 
receiving metformin, relative to baseline or placebo, usually after administration of metformin 
dosages ranging from 1,000 to 2,550 rag/day for up to 3 months?^'^^ This decrease in HGP is 
attributed to an inhibition of gluconeogenesis.^'**^*'^^ 

Peripheral Glucose Utilization 

Peripheral insulin-mediated glucose utilization is 20-40% lower in diabetic individuals compared 
with nondiabetic controls.^^'^^ The administration of metformin 0.5-3 g/day for up to 3 months 
increased peripheral glucose utilization by 18-29% relative to baseline or placebo. -^^'^^"^^ This 
improvement in glucose utilization occurs in skeletal muscle, in fat and intestinal tissue, and 
possibly in erythrocytes.' ^•''^ 

Other Antihyperglycemic Effects 

Although metformin has been shown to decrease intestinal glucose absorption, this does not 
SufGciently account for the significant antihyperglycemic effect of metforminJ^^ 

Evidence from studies conducted in animals and cultures of skeletal muscle taken from 
insulin-resistant patients indicates that metformin acts at the cellular level to enhance glucose 
transport by stimulating glucose transporter activity Again, the clinical significance of this 

observation is unknown. 

Acarbose 

Acarbose is the first drug in a new class of antidiabetic agents, the oc-glucosidase inhibitors, that 
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has recently become available in the United States for the treatment of type 2 diabetes. It exerts its 
antidiabetic effect by delaying the digestion of complex carbohydrates and disaccharides (e.g., 
starch) to absorbable monosaccharides (e.g., glucose). This is accomplished by reversible 
inhibition of the ot-glucosidase enzymes (e,g., sucrase and maltase) that are located in the 
duodenum,^^'^^ In type 2 diabetic patients, this enzyme inhibition delays glucose absorption 
following ingestion of complex carbohydrates. 

Acarbose does not appear to have a direct effect on insulin resistance or on insulin-stimulated 
glucose uptake in humans,^^ 

Troglitazone 

Troglitazone is the first drug in another new class of oral antidiabetic agents, the 
thiazolidinediones. Thiazolidinediones are thought to produce their antidiabetic effect by activating 
the peroxisome proliferator-activated receptor (PPAR)g, a nuclear receptor that regulates the 
transcription of several key insulin-sensitive genes involved in controlling glucose and lipid 
metabolism.^' Like metformin, troglitazone alleviates hyperglycemia in type 2 diabetic patients by 
reducing insxtlin resistance in peripheral tissues. 

Troglitazone monotherapy at dosages of 400 and 600 mg/day increases insulin-mediated glucose 
disposal (by -45%) after 6 months of treatment"*^ A reduction in HGP in type 2 diabetic patients 
occuired only after administration of the maximum recommended dose of troglitazone (600 
mg/day) for 6 months in one study {n ^ 93f^ knd after administration of troglitazone (200 mg 
twice daily) for 6-12 weeks in a much smaller study (/i = 1 1).^^ The reduction in HGP appears to 
be secondary to suppression of gluconeogenesis?^ 

The antihyperglycemic effect of troglitazone appears to be intennediate between that of acarbose 
and that of metformin and the sulfonylureas. Troglitazone monotherapy at doses of 200, 400, and 
600 mg/day for 3 months reduced fasting serum glucose by 1 1, 14, and 15%, respectively, in a 
dose^response study.^^ Little additional benefit was gained by increasing the dose to 800 mg/day, at 
which a 19% reduction in fasting serum glucose was observed. Results of two separate studies in 
type 2 diabetic patients suggest that troglitazone 400 mg/day achieves equivalent reductions in 
hyperglycemia as glyburide 12 mg/day after 1 year of treatmenf ^ and as metformin 2,000 mg/day 
after 3 months of treatment.'^^ However, these data need to be confirmed in other trials, particularly 
the data relating to metformin, as the latter study involved only 28 patients. 

Repaglinide 

Repaglinide is another first drug of its class, the meglitinides, which are benzoic acid derivatives. 
The Food and Drug Administration af>proved it in April 1998 for use alone and in combination 
with metformin. Repaglinide is an insulin secretagogue with a rapid onset of action and a short 
half-life. 

The few clinical trials have been sxmmiarized in The Medical Letter.^^'^^ When compared to the 
sulfonylurea glyburide, repaglinide was less effective in lowering fksting pla$ma glucose but more 
effective in lowering postprandial glucose. Similar effects on hemoglobin Aic were seen. A 
lowering of HbAic of between 1,3 and 1.9% can be expected, similar to the sulfonylureas. 

Repaglinide works directly on the pancreatic ^ -cell and thus is ineffective in type 1 diabetes. 



PAGE 4W0 * RCVD AT ms 7:17:59 PM [Eastern Da^^^^ 



i/2/2006 9:34 AM 



06/0 7/06 16:36 FAX 16192350176 KMOB SAN DIEG O ©045 

Oral rherapy m Type 2 Diabetes: Phamacological Properties and CI... •htq);//jounial.diabetes.org/diabetesspectmm/98vl lTi4/pg2 1 1 .him 



When used in combination with metfotmin, repaglinide is synergistic, as would be expected given 
the two drugs' different mechanisms of action.^ ^ 

Side effects in the clinical trials were not significantly difterent between the drug and placebo, with 
the exception of hypoglycemia, which in our limited experience appears to occur less frequently 
than with the sulfonylureajs. Repaglinide needs to be taken with meals, with dosing dependent on 
initial HbAic and clinical response. Initial doses range between 0.5 and 2 mg, with total daily dose 
not to exceed 16 mg. 

Secondary Pharmacolpgical Effects Effect on Insulin Levels 

In contrast to sulfonylureas, neither metformin nor troglitaaone causes hyperinsulinemia.^^'^"'^^'^^ 
A reduction in insulin levels has been observed when metformin was administered alone or in 
combination with a sulfonylurea.^^*^^ In a 3-year study comparing diet, insulin^ metformin, and 
sulfonylureas, mean fasting plasma insulin levels significantly increased (P<0.001) in all but the 
metformin treatment group.^^ In the same trial, significant reductions (-L6 ixU/L; P<0,001) in 
fasting plasma insulin levels were found in overweight patients receiving metformin^ compared 
with overweight patients utilizing a change in diet alone. 

Troglitazone generally reduces fitting ^5,47,54.55 postprandial^^plasma insulin levels. 
Reductions fiom baseline in plasma insulin levels of 5-31% were reported after 3 months of 
treatment with troglitazone dosages ranging from 200 to 800 mg/day."^^*^"* However, in one 
placebo-controlled 6-month monotherapy study, only the 600 mg/day dose (the maximum 
recommended in the United States) produced significant reductions (P < 0.01) in plasma insulin 
compared with placebo.^^ In combination with a sulfonylurea (glyburide), troglitazone 600 mg/day 
produced significant reductions in insulin levels compared with placebo after 6 weeks' treatment.^^ 

Clinical trials are not entirely consistent with regard to the effect of acarbose on plasma insulin. 
Placebo-controlled and noncomparative investigations have reported changes in fasting or 
postprandial insulin levels, but these changes were not statistically significant?^'^^ Of three 
randomized double-blind studies, two reported substantial decreases in postprandial insulin levels 
compared with placebo.^'"^^ 

Effect on Lipids 

Dyslipidemia, including decreased plasma HDL cholesterol levels, is usually present in those with 
poorly controlled type 2 diabetes. As these abnormalities are now recognized to be major 
contributors to the development of arterial vascular disease, there is significant interest in the 
beneficial effects of antidiabetic agents, particularly those that reduce insulin resistance, such as 
metformin^^ and troglitazone,^^ on lipid metabolism. 

Improvements in glycemic control during sulfonyltirea therapy have been associated with decreases 
in plasma total cholesterol, total triglyceride, very-iow-density lipoprotein (VLDL) cholesterol and 
low-density lipoprotein (LDL) cholesterol levels, and either an increase or no change m HDL 
cholesterol levels. However, some studies have demonstrated small incrcases^^ or only small 
decreases^^'^"* in plasma total and LDL cholesterol and triglycerides. 

Metformin therapy has generally produced reductions in plasma triglyceride and total and LDL 
cholesterol, with little or no effect on HDL cholesterol in type 2 diabetic palients.^^"^^ The 
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favorable effect of metformin on plasma total cholesterol levels is reported to be significantly 
greater 

(P < 0.05) than that of glyburide.^'^ Reductions in plasma total triglyceride and total cholesterol 
levels appear to be a result of decreased LDL or VLDL cholesterol.^^ 

It has been suggested that the effect of metformin on lipids is independent of its antihyperglycemic 
effect. Although the exact mechanism by which these lipid changes occur has not been 
determined, they may occur as a result of a direct effect of metformin on VLDL cholesterol 
metabolism and/or secondarily to improved insulin sensitivity,^^ 

Acarbose also reduces serum triglyceride concentrations but has little or no effect on total serum 
cholesterol concentrations. This effect appears to be mediated by suppressing the biosynthesis of 
VLDL cholesterol.^^ A review of more recent studies reported that fasting triglyceride levels were 
reduced, but only occasionally.^^ This effect appears to be associated with dosages >100 mg three 
times a day.^^'^^'^^''^*^ Of the studies that used dosages <300 mg/day, none demonstrated 
statistically significant changes, relative to baseline or placebo, in fasting triglyceride, total 
cholesterol, or cholesterol fractions-^^ 

Troglitazone induces increases from baseline in both LDL cholesterol (by 5-15%) and total 
cholesterol (by 1-8%).^"^*^^ In two placebo-controlled studies, the increase in LDL cholesterol was 
significant (P < 0.05), compared with the change seen with placebo.^"^'^^ However, the 
cholesterol/HDL and LDL/ApoB ratios were unchanged, suggesting no change in atherogenic risk. 
In these studies, only the 600 mg/day dosage resulted in a significant increase (P < 0,01 vs. 
placebo) in HDL cholesterol (by -10-12%). However, 6- to 12- week studies failed to observe 
increases in HDL cholesterol during treatment with troglitazone 200-800 mg/day either alone^'*^ 
or in combination with a sulfonylurea 

Troglitazone reduces serum triglyceride levels, but in two monotherapy studies, only the 600 
mg/day dosage produced significant reductions (P < 0.05) compared with placebo.^ Serum 
triglycerides decreased from baseline by -19% at the 600 mg/day dosage (P < 0.05 vs. placebo), by 
-1 1% at the 200 and 400 mg/day dosages during monotherapy,^"* and by ~12% (P < 0.001 vs. 
baseline) during combination therapy with troglitazone 400 mg/day and a sulfonylurea.^^ At a 
troglitazone dosage of 800 mg/day, which is higher than the recommended maximum dose, 
significant (P < 0.05 vs. placebo or vs. baseline) reductions in serum triglycerides (by 14% and 
32%) and significant (P < 0.05) increases in HDL cholesterol (by 16% in one study) have been 
observed.^*'*''* 

Effect on Body Weight 

In comparative studies of sulfonylureas and metformin, sulfonylurea therapy resulted in mean 
weight gains ranging from 2.6 to 5.3 kg, whereas metformin treatment was associated with either 
no change or a modest reduction in body weight.^'^^'-^'^^^"^^ The stabilization or reduction in body 
weight noted with metformin therapy may be clinically beneficial, since the majority of type 2 
diabetic patients are overweight. 

Comparative and noncomparative studies have reported inconclusive findings regarding the effects 
of acarbose on body weight, with the majority of investigations failing to demonstrate that acarbose 
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has an effect on body weight in either lean or obese patients.^^ In a recent trial comparing acarbose, 
metformin, and insulin therapy as adjunctive therapy to sulfonyliirea treatment failures, body 
weight increased in the insulin group and decreased in both the metformin and acarbose groups. 
The reduction in body weight was 1 .2 ± 1 .9% in the melformin group and 0.6 ± 1 .6% in the 
acarbose groi^. This difference was not statistic^ly significant,''^ 

In clinical trials of troglitazone monotherapy, mean body weight was unchanged.'^^'^'^ During 
combination therapy with troglitazone and a sulfonylurea, increases in mean body weight ranging 
from to 6 kg have occurredJ-'-^^ 

Hypoglycemia 

Due to the mechanisms of action of these agents, hypoglycemia generally does not occur with 
metformin, acarbose, or troglitazone as sole agents, Hypoglycemia with metformin^^ or 
troglitazone^^ is possible during concomitant use with other glucose-lowering agents, such as 
sulfonylureas, insulin, or ethanol. 

Acarbose may increase the hypoglycemic potential of sulfonylurea therapy when used in 
combination.^^ Hypoglycemia occuning during acarbose therapy must be treated with glucose 
rather than sucrose because the mechanism of action of acarbose results in delayed gastrointestinal 
absorption of sucrose. 

GLYCEMIC CONTROL WITH MONOTHERAPY 

The sulfonylureas have been e?ctensively used in clinical practice as first-line drug therapy in the 
management of type 2 diabetes, particularly in the United States, where they have, until recentiy, 
been the only oral hypoglycemic agents available.'^ Although sulfonylureas vary in potency, they 
are similar in efficacy.*^ Studies have reported decreases in basal and postprandial plasma glucose 
(PPPG) levels of -3-5 mmol/L following 3-6 months of treatment with sulfonylureas.^^ Glycated 
hemoglobin has also been demonstrated to decrease by 20%.^^ 

Three double-blind, randomized, placebo-controlled clinical studies have reported significant 
reductions (P < 0.001) in fasting plasma glucose concentrations (FPG) (22-26% of pretreatment 
levels) and glycated hemoglobin levels (12-17% of pretreatment levels) with metformin 
monotherapy. Furthermore, metformin monotherapy is comparable to sulfonylurea 
monother^y in maintaining glycemic control in studies of up to 3 years' duration.--*^^-^-^*^-^^'^^-*'* 

Metfonnin effectively controls hyperglycemia in both lean and overweight patients and in the 
elderly, and its use has often led to weight reductions.2^'29,63.66,73.85 ^ ^^^^ of this and its 
positive lipid effects, metformin may be beneficial in patients with mild to moderate 
hyperglycemia who are also dyslipidemic and/or prone to weight gain- 

The clinical efficacy of acarbose nionother£^y is piore difficult to assess because of the cmrent 
lack of puWished well-controlled studies. Most published trials to date have had small study 
populations (< 20 patients) and/or administered acarbose in doses exceeding 1 00 mg three times a 
20,57 Qjjg j^g^ ^ ^QQ^ randomized,doubIe-blind, placebo-controlled published study using 
100 mg of acarbose 3 times daily demonstrated that the drug significantly (P < 0.05) improved 
glycemic control.60 Following 6 months of acarbose therapy, mean baseline PPPG, FPG, and 
glycosylated hemoglobin decreased by 25, 14. and 7%, respectively. Overall, there was a 
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nonsignificant trend for acarbose to be less effective than metfonnin or the sulfonylureas. ^ 

Results from the majority of studies of troglitazone have been published only in abstract form. 
Based on reductions fix)m baseline in fasting plasma or serum glucose and glycosylated 
hemoglobin, troglitazone appears to be less effective than metformin or the sulfonylureas. In a 
large (« = 328) double-blind study in type 2 diabetic patients, troglitazone 200-800 mg once daily 
for 3 months reduced fasting serum glucose by 8-13% fiom baseline levels.^^ There was no change 
from pretreatment levels in glycated hemoglobin levels wifh the 600 and 800 mg/day dosages, a 
slight increase (by 4% of pretreatment levels) with the 400 mg/day dosage, and a slight decrease 
(by 4%) with the 200 mg/day dosage. 

The above study, however, demonstrated that troglitazone is superior to placebo. Coinpared with 
the values achieved with placebo, the values in troglitazone-treated patients (200-800 mg once 
daily) were significantly lower (P < 0,01) for glycated hemoglobin (by 7-13%) and fasting serum 
glucose levels (by 15-25%).^'^ Similarly, a smaller (n = 93) double-blind, placebo-controlled study 
demonstmted significant (P < 0.02) reductions in FPQ (by -25%) and PPPG (by -20%) with 
troglitazone 400 or 600 mg/day."*^ 

Results of two separate comparative studies suggest that troglitazone monothempy may be 
comparable to either sulfonylurea^^ or metformin*^ monotherapy, after 12 and 3 months of therapy, 
respectively. However, betbre definite conclusions can be made regarding the efficacy of 
troglitazone relative to the other two agents, these results need to be confirmed in other 
well-controlled comparative studies. 

Repaglinide*s initial doses range between 0.5 mg (naive patients) and 2 mg before meals. The 
maximum dose is 4 mg before four meals. Patients should be instructed to omit the dose if the 
meal is to be omitted to avoid hypoglycemia, A fall of 1-2% in HbAic is to be anticipated. Since 
the drug's effect is greatest pos^randially, it should be particularly effective in those with 
exaggerated postprandial values. Long-term side effects, if any, have yet to be determined.^^'^^ 

GLYCEMIC CONTROL WITH COMBINATION THERAPY 

A major problem in the management of type 2 diabetes is that glycemic control ( e.g 
maintenance of FPG <7-8 nunol/L [140 mg/dl] ) with diet and/or drug treatment declines as the 
disease progresses. Various antidiabetic combination therapies have been established to overcome 
this and should be introduced as soon as diet or drug monotherapy fail. 

Oral Combinations 

Metformin Plus Sulfonylureas 

Metformin and sulfonylureas have different mechanisms of action that work synergistically to 
alleviate hyperglycemia when the two agents are used in combination. There have been consistent 
reports of incremental decreases m FPG levels by 20% or more when metformin was added to 
existing sulfonylurea therapy in patients inadequately controlled by maximum doscs of the 
sulfonylureaJ^'*^^^ 

Combination therapy with metformin and sulfonylureas is as effective as combined 
insulin/sulfonylurea thera^yy or insulin monotherapy in individuals presenting with treatment 
failure.^^'^^"^^ Consequently, the addition of metforaiin therapy may reduce the need to add insulin 
therapy when secondary failure with sulfonylurea drugs occurs. 
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Sulfonylureas Fltis Acarbose 

In contrast to combined therapy with metformin plus sulfonylureas, an acarbose-plus-sulfonylurea 
con)bination has an additive effect As previously noted, data from published acarbose studies are 
limited by their small patient numbers (<20 patients)^-^^ Combined therapy with acarbose plus 
sulfonylurea has consistently resulted in substantial decreases in PPPG and FPG levels. 

Metformin Plus Acarbose 

Data from a 1-year randomized, double-blind, placebo-controlled study evaluating the efficacy of 
adding acarbose to pre-existing therapy (including diet plus metformin) showed that the addition of 
acarbose resulted in significant decreases (P < 0.001) in mean PPPG levels for all treatment groups 
except placebo. The PPPG decrease for metformin recipients was 18%. There was no significant 
difference in FPG levels between the acarbose-plus-metformin and metformin-plus-placebo 
groups. This study was conducted with doses of 300 mg/day and greater. 

Troglitazone Plus Sulfonylureas 

Trogiitazone and sulfonylureas act by different mechanisms of action and produce a synergistic 
lowering of hyperglycemia when used in combination. In a double-blind, placebo-controlled study 
in 552 type 2 diabetic patients inadequately controlled by maximum doses of glyburide (12 
mg/day), dose-dependent decreases from baseline in FPG of 14, 16, and 25% were observed 
following 1 year of concurrent therapy with troglitazone 200, 400, and 600 mg, respectively 7^ 
Concurrent administration of troglitazone 400 mg/day, given in a 200 mg twice-daily regimen, 
produces a reduction in FPG (15%) similar to that seen with once-daily 400 mg dosing.'^ 

Metformin Plus Troglitazone 

Concurrent administration of metformin (2,000 mg/day) and troglitazone (400 mg/day) 
demonstrated an additive antihyperglycemic effect in 28 type 2 diabetic patients with poor 
glycemic control at study entry (mean FPG 15.8 mmol/L (284 mg/dl]; HbAu 9.6%).^*^ Most of 
these patients had secondary sulfonylurea failure. Combination therapy significandy reduced (P < 
0.001) FPG (by 32^2%) and HbAic (by 13-16%), compared with the corresponding levels for 
these glycemic paraineters achieved with either drug alone. 

Metformin Plus Repaglinide 

Moses and associates demonstrated that the combination of metformin and repaglinide was more 
effective than when either of the two drugs was used alone.^^ Initial dosing and monitoring should 
be the same as when either agent is used alone. 

Combinations With Insulin 

In the late stages of type 2 diabetes, secondary failure to oral drug ther^y often occurs, and insulin 
eventually becomes necessary. However, type 2 diabetic patients often have such severe insulin 
resistance that effective glycemic control can only be achieved with large doses of insulin.' 
Combining insulin with an oral antidiabetic agent is a means of improving or maintaining glycemic 
control while reducing exogenous insulin requirements. 

Sulfonylureas Plus Insulin 

Insulin has traditionally been used alone or in combination with sulfonylureas. Numerous studies 
have shown that combined sulfonylurea-plus-insulin therapy results in a reduction in exogenous 
insulin lequircment, but not all studies have shown combined therapy lo be superior to insulin 
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alone in improving glycemic control.^^ However, it appears that improvements in glycemic control 
are achieved more consistently if insulin is added to ongoing sulfonylurea therapy at the time that 
secondary sulfonylurea failure occurs rather than if sulfonylurea is added to failed insulin 
monotherapy.^* 

In two small, double-blind, placebo-controlled studies (a? = 21, n 30), combined therapy with 
insulin (single injection in the evening/bedtime) plus either glyburide (10 mg/day) or glipizide (40 
mg/day) was significantly superior (P < 0.05) to insulin alone in improving glycemic control.^^'^^^ 
In one of these studies, 10—16 weeks of combination therapy with glyburide plus insulin led to a 
FPG value that was 21% lower than the FPG value with insulin alone (5.9 mmol/L [106 mg/dl] vs. 
7.5 mmol/L [135 mg/dL]; P < 0.05), and a significantly greater (P < 0.05) decline fi:om baseline in 
glycosylated hemoglobin absolute value (1.3 vs. 0.8%).99 Patients receiving combined therapy 
required one-half the mean amount of insulin as those receiving insulin alone (50 vs. 1 01 U with 
insulin alone). 

In 145 obese type 2 diabetic patients with secondary sulfonylurea failure, combination therapy with 
glimepiride (up to 16 mg/day) plus a single dinnertime injection of 70/30 insulin was as effective 
as insulin monotherapy in achieving a target FPG level of 7,8 mmol/L (140 mg/dl).^^ Combination 
therapy resulted in earlier improvement in glycemic control and a reduction in daily insulin dosage 
(by 29 U), compared with insulin alone. 

Combined insulin-plus-sulfonylurea therapy appears to offer no advantage over insulin alone in 
reducing the tendency for weight gain or risk of hypoglycemia.^^" In the above studies, mean 
weight gains were 4.9 kg with insulin plus glyburide (vs. 3.3 kg with insulin alone)99 and 2^.5 kg 
with insulin plus glipizide (vs. 0.6 kg with insulin alone)J^^ The mean jfrequency of hypoglycemic 
episodes was slightly higher with combined tlicrapy: 8.8 with glyburide plus insulin versus 6.9 
with insulin alone^^ and 0.19 per patient per week with glipizide plus insulin versxis 0.09 per 
patient per week with insulin alone.'^^ Weight gain and hypoglycemic episodes were reported to be 
equivalent with glimepiride plus insulin versus insulin alone.^^ 

In type 2 diabetic patients with poor glycemic control despite treatment with insulin alone, adding a 
sulfonylurea to the pre-existing insulin regimen unproves glycemic control but may not be 
effective in achieving adequate glycemic control.'^ 

Metformin Plus Insulin 

Limited data are available on the use of metfomun in combination with insulin. In two 
double-blindj placebo-controlled studies, plasma fasting insulin levels and daily exogenous insulin 
requirements were reduced following the addition of metformin to the insulin regimen. ^"'-^^^ The 
larger of these studies 101 involved 50 obese patients with poorly controlled type 2 diabetes 
despite >3 months of treatment with insulin at a mean daily dose of 90 U. The addition of 
metformin (850 mg twice daily) resulted in a significant improvement (P < 0.05 vs. baseline and 
vs. placebo) in glycemic control. After 6 months of combination therapy, there were significant 
reductions (P < 0.05) fiom baseline in mean glucose profile (by 34%) and in HbAic (by 16%, 
which represents a reduction in mean absolute value of 1.9%). The addition of metformin 
permitted a reduction in daily insulin dose of 24% (-21.6 U). No changes in body weight occurred 
during combination metformin-plus-insulin therapy. 
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Acarbose Plus Insulin 

Data from a 1-year, randomized, double-blind, placebo-controlled study of combined 
acarbose-plus-insulin therapy sho>vcd a 15% reduction in mean PPPG levels compared with 
placebo/^ Although the reduction was statistically significant (P < 0.001), the doses of acarbpse 
used were in the 600 mg/day range. 

Troglitazone Plus Insulin 

Troglitazone is approved for use in combination with insulin in the treatment of type 2 diabetes 
patients who require insulin. In such patients, concomitant troglitazone improves glycemic control 
and generally enables a reduction in the daily dose of msulin7^ In two double-blind, 
placebo-controlled studies, concomitant administration of troglitazone 400 or 600 mg/day for 6 
months resulted in reductions from baseline in daily insulin dose of 58% and 42%, respectively, 
while glycemic control was improved or maintained.^ 

Some patients may be able to discontinue insxilin. No reduction in insulin dose is recommended at 
the outset when prescribing troglitazone to poorly controlled, insulin-requiring type 2 diabetic 
patients. However, during concomitant troglitazone therapy, it has been recommended to decrease 
the dose of insulin by -1 0-20% (the manufacturer reconamends 1 0-25%), to reduce the risk of 
hypoglycemia when fasting and/or pre-meal glucose levels consistently drop below 6.7-7.8 
mmol/L (120-140 mgJdV)}^^ 

SIDE-EFFECT PROFILES 
Sulfonylureas 

Sulfonylureas are generally well tolerated. The most common and also the most serious adverse 
event associated with these agents is hypoglycemiaJ'*'^^'^^ Severe sulfonylurea-induced 
hypoglycemia occurs with an estimated incidence of 0,19-2.5 episodes per 1,000 patient-years J ^ 
and the incidence is higher for the long-acting sulfonylureas, especially chlorpropamide 
(034/1,000 treatment-years) and glyburide (0.38/1,000 treatment-years) J ^ In a 3-year study, 
hypoglycemic reactions occurred in -13% and 27% of patients receiving chlorpropamide and 
glyburide, respectively.^^ The most important predisposing factors for sulfonylurea-induced 
hypoglycemia are increasing age and impaired renal function. ^^^''^^ 

Other side effects with sulfonylurea therapy are rare and include dermalological hypersensitivity, 
gastrointestinal discomfort, and vasomotor symptoms (most frequently reported with 
chlorpropamide). ^ ^ 

Metformin 

The most common adverse effects of metformin are gastrointestinal symptomsj^^^^*^^ which may 
be relieved by dosage reduction and rarely require discontinuation of treatment.^^*'^ During 
long-term metfonnin administration, only 4.2% of patients discontinued therapy because of 
gastrointestinal side effects.^^ 

Malabsorption of vitamin B 12 and decreased folate absorption have been infrequently reported 
with long-term metformin therapy. Although there are no clinical manifestations of these effects, 
annual serum B 12 measurements are recommendedJ^-'^'^^'^* These decreases are rapidly 
reversible with vitamin B12 supplementation or discontinuation of metformin therapy. Only three 
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cases of megaloblastic anemia have been reported in the literature with metformin therapy,^^''"^^^ 

Lactic acidosis, a serious and potentially lethal metabolic condition, has occurred with all 
biguanides, but rarely with metfoixnin. The mean incidence of lactic acidosis associated with 
metformin therapy is only about 0.03 cases per 1,000 patient-years. ^^''^"^ Strict observance of 
contraindications and prescribing precautions substantially reduces this risk.^^'^^ 

Data from a retrospective study conducted in Sweden from 1977 to 1991 indicate that the reported 
incidence of metformin-associated lactic acidosis is low and is decreasing J The incidence of 
lactic acidosis is lower than that of the equally serious sxilfonylurea-induced hypoglycemia. A 
retrospective comparative risk study in Sweden reported that, between 1972 and mid- 1981, the 
incidence of glyburide-induced hypoglycemic coma (0.19 per 1,000 patient-years of use) was 
significantly (P = 0.036) greater than the incidence of metformin-associated lactic acidosis (0»08 
per 1,000 patient-years of use).^^^ The risk of mortality from mctformin-induced lactic acidosis is 
slightly lower than the mortality risk from glyburide-induced hypoglycemia (0.24 per 1,000 
patient-years vs, 0.33 per 1,000 patient years, respectively),'^^'" ^ 

Acarbose 

The most common adverse events associated with acarbose therapy are gastrointestinal 
disturbances, most frequently abdominal pain, diarrhea, and flatulence.^'^ These events arise from 
the drug's mechanism of action and are related to the presence of undigested carbohydrate in the 
lower gastrointestinal tract. Several studies have demonstrated that these adverse events decrease 
as the duration of acarbose therapy increases. Moreover, the severity of the gastrointestinal 
disturbances may be reduced by decreasing the dose of medication and by good dietary habils.-^^^^^ 

Elevations in serum transaminase levels may occur during acarbose therapy. In studies of up to 12 
months' duration, treatment-emergent elevations of serum transaminases occurred in 15% of 
acarbose recipients compared with 7% of placebo recipients'^ These elevations appear to be 
dose-related and are asymptomatic, reversible, more common in women, and in general not 
associated with other evidence of liver dysfunction^' 

Troglitazone 

Troglitazone is generally well tolerated'^ The most serious adverse event reported widi short- and 
long-term troglitazone therapy is idiosyncratic hepatocellular injury, although the incidence is rare. 
In most cases, hepatocellular injury manifested as reversible jaundice but led to hepatic failure or 
death in a few cases. Therefore, serum transaminase levels should be monitored at frequent 
mtervals, especially during the first year of treatment and at the first signs of hepatic dysfunction 
(e.g., dark urine, fatigue, gastrointestinal disturbances). Troglitazone should be discontinued in 
patients developing jaundice or ALT levels >3 times the upper limit of normal'^ 

CONCLUSION 

Oral antidiabetic compounds have an established role in the treatment of type 2 diabetes. 
Metformin is as effective as the sulfonylureas and superior to acarbose in controlling plasma 
glucose levels in patients with type 2 diabetes. Unconfirmed data suggest that troglitazone may be 
as effective as sulfonylureas and metformin. No conclusions can be drawn until further 
comparative data are available. 
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While the sulfonylureas, rnetformin, and troglitazone can cause serious adverse events, their 
incidences are low and can be mininiized by strict adherence to the prescribing guidelines and 
close monitoring of treated patients. 

Metformin has some advantages over sulfonylureas and acarbose, including the stabilization of 
body weight in patients in whom weight gain is a concern and the reduction of plasma lipid levels 
in individuals with hyperlipidemia. Troglitascone shares the weight advantage with metformin, but 
the two agents differ in their lipid effects. Total and LDL cholesterol are reduced by metformin but 
elevated by troglitazone; both agents reduce serum triglycerides. 

Combination therapy using two antihyperglyccmic agents with different but complementary 
mechanisms of action may improve glycemic control in patients with type 2 diabetes inadequately 
controlled by either agent alone. Both metformin and troglitazone are approved for use in 
combination with a sulfonylurea when failure of sulfonylurea monotherapy occurs. 
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EXHIBITE 



^ ORICINiU. CONYIUBljnON 



Effect of AAetformin and Rosiglitazone 
Combination Therapy in Patients 
With Type 2 Diabetes Mellitus 

A Randomized Controlled Trial 



Vivian Fonseca, MP 



Julio Rocenstock, MP 



Rita Paiwardhan, PhD 



Alan Salzman, MP> PhD 



TYPE 2 DtASEIES IS CHAHACDER- 
ized by decronsed insulin secxc- 
lion^'' and insulin sensiiivi^in 
liver, adipose dssue. and skel- 
etal muscle. Together these abnoimaU- 
ties conCound efforts to creai diabetes 
because mosi antidiabetic agents tar- 
get only 1 underlying cause o[ ihc dis- 
ease. Appro Jfiinatcly 50% of patients 
treated with monotherapy require addi- 
tional therapy to achieve target glyco- 
sylated hemoglobin (HbAu) levels 3 
years aflcr diagnosis.* 

Rosiglitazone maleate, a member of 
the thlazoUdiuedione class of antidia- 
betic agents that was recently approved 
by ihc US Food and Drug Adnoinistra- 
tion. targets insulin resis^nce by bind- 
ing to the transcription factor peroxi- 
some proliferator-acii vaitd receptor-^, 
promoting synthesis of glucose Ctans- 
portcis and activating adipocyte differ- 
entiaiion.^*'^ In contrast, metformin 
hydrochloride promotes glucose low> 
ering by reducing bepaiie glucose pro- 
duction and glbconeogenesis and by 
enhancing peripheral glucose uptake/'^^ 
Because metformin and rosiglit- 
azotie act through different mecha- 
nisms, their combined use may be in- 
dicated in patients whose disease is 
poorly controlled widi a maintenance 
dose of meifpnTin. This study evalu- 
ated the efOcacy and safety of adding 



Context Most antrdiabetic agents target only 1 of several underlying causes of dia- 
betes. The comptementary actions of the antidiabetic agents metformin hydrochlo- 
ride and rosiglitazone maleate may maintain optimal glycemic control In patients wrth 
type 2 diabetes; therefore, their combined use may be indicated for patients whose 
diabetes Is poorly controJIe^ by metfonnin akine. 

Objective To evaluate the efficacy of metfomiln -rosiglitazone therapy in patients 
whose type 2 diabetes Is Inadequately controlled with metformin alone. 

DasTgn Randomized, double-btlnd^ placebo-conftrolled trial from April 1 997 and March 
1998, 

Seating Thirty-six outpatiert centers in the United States. 

I'atients Three hundred forty-eight patients aged 40 to 80 years with a mean fast- 
ing plasma glucose level of 12.0 mmol/L (216 mg/dL), a mean glycosylated hemo- 
globin level of 8.8 % , and a mean body mass index of 304 kg/nn* were Vandomired. 

Intenrentiona Patients were assigned to receive 2.5 g/d of metformin plus placebo 
(n 9 11 6); 2.5 g/d of metformin plus 4 mg/d of rosiglitazone (n ^ ii 9); gr 2.5 g/d of 
metformin and 6 mg/d of rosiglitazone (n = 113) for 26 weeks. 

Main Outcorne Measures Glycosylated hemoglobin levels, fasting plasma glu- 
cose levels, Insulin sensiiivrty. and p-ceU function, compared between baseline and 
weel< 26. by treatment group. 

Results Glycosylated hemoglobin levels, fasting plasma glucose levels, insulin sen- 
sitivity, and p-cell function Improved significantly with metfomijn-rosiglltazone therapy 
in a dose-dependent manner. The mean levels of giycosylated hemoglobin decreased 
by 1.0% in the^ mg/d metfbnnin-rDslgtftazone group and by 1.2% In the 8 mg/d 
metfbrmin-roslglltazbne group and fasting plasma glucose levels by 2.2 mmol/L (39.8 
mg/dL> and 2.9 mmol/L (1523 mg/dL) compared with the metforniln-placebo group 
(P<.001 for all). Of patients receiving 8 mg/d of metformin-roslglitazone, 28.1% 
achieved a glycosylated hemoglobin level of 7% or less. Dose-dependent Increases In 
body weight and total and low-densHy lipoprotein cholesterol levels were observed 
(P<.00\ for both rosiglitazone groups vs placebo). The proportton of patients report- 
ing adverse experiences was comparable across all groups. 

Condirskms Ourdatasuggestthat combination treatment with once'daily metfbnrvi- 
rosiglitazone improves glycemic control, insulin sensitivity, and p-celi function more 
effectively than treatment with metformin alone. 

JAAAA. 2000;^a3:169S'17O2 



4 mg/d and 8 mg/d of rosiglitazone ma- 
leate to maximal-dosage of metformin 
in patients with poorly controlled type 
2 diabetes. Combined efficacy was as- 
sessed by comparing the level changes 
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tn HhAie, (asdng plasma glucose (FPG)» 
fruciosamine. smim insulin, free fatty 
adds (FFA), lipids, lacute, and esti- 
mates of Insulin sensitivity and p-c&Il 
function (BCF) berween combined met- 
formin-rosigliiazone ireacment and 
mexronnin-pl&cebo alone. 

METHODS 

Study Subjects 

To detea a 0.75% absolute difference 
in HbAtc between ireauneni groups, 65 
cvaluable patients per group would be 
required to achieve a power of 93%. 
Planned enrollment was 260 patients 
(approximatdy 93 per group). Per- 
sons between the ages of 40 and $0 
years with type 2 diabetes as defined by 
the National Diabcles Data Group" 
with FPG concentraiions of between 
7.8 and 16.7 mmoI/L (X40 and 300 
mg^dL) at screening and during the pk- 
cebo-maintenance period while tak- 
ing 2.5 g/d oFmctfomiin were eligible. 
All patients demonstrated insuUo sc- 
cretoiy capacity as determined by a Hast- 



ing C-peptidc concentration of 0.27 
nmql/L (0.8 n^^mL) or more at screen- 
ing. Subjects were required to have a 
body mass index, calculated as weight 
in kilo^ms divided by the square of 
height in meters, of 22 to 3B and a 
weight change of no more than 10% be- 
tween screening and baseline. 

Pfttienis were excluded if \hty had 
clinically significant lenal or hepatic dis- 
ease, angina. New York Heart Associa- 
tion ClassJncadon class HI or IV car- 
diac insufficiency, symptomatic diabedc 
neuropathy, si^iificant clinical abnor- 
mality on electrocHrdiogram, abnor- 
mal ld)o»coiy test results (blood chem- 
istry, hematology, or urinalysis), use of 
chronic insulin therapy, participated In 
any roslghcazonc-rdated study, or used 
any investigational drug (excluding 
meifonnin) within 30 days of study (or 
5 half-lives of the investigational drug, 
if longer than 30 days). Anoreciic agents 
were discontinued ai least 30 dayj be- 
fore screening. Patients with hyperli- 
pemia, elevated cholesterol or triglyc- 
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eride levels, or lipid metabolism 
disorders were eligible; Upid-lowenng 
agents were maintained at the same dos- 
age level throughout the study. 

Study Design 

This multicenier, randomized, double- 
blind, placebo-controlled trial was con- 
ducted at 36 5l tes in the United Suites be- 
tween April 1997 and March 1998. 
Before the study, patients discondnued 
aU antlhypenglycemic medications, with 
the exception of meiTormin. Metformui 
dose colerablliiy was detennined dur- 
ing a 3-week period in which metfor- 
min was titrated to 2.5 g^d; afterward, pa- 
tients entered a 4-wcck, single-blind 
raeifortnin^placebo maintenance pe- 
riod with a weight-maintenance diet. 
During this malnlcnance period, only in- 
vestigators were aware thatpadents were 
receiving the metformin-placebo teat- 
men l. Patients previously treated with 
metformin at 2.5 g/d proceeded di- 
recily to maintenance; thus* with the ex- 
ception of metformin, patients re- 
frained from medication for a minimum 
of 4 weeks and a maximum of 7 weeks. 

At the end of the tnaintenonce period, 
\iatieni5 with inadequate glycemic con^ 
trol (F?C concentration range. 7.7-16.7 
inmcl^ ( 140-300 cng^dL]) wererandomly 
assigned (1:1:1 ratio) to receive double- 
blind meifonnin treatment in 1 of 3 com- 
binations: placebo (control), ^ mg of rosi- 
gUtazone, or 8 mg of rosiglitazone once 
daily for 26 weeks. Randomization was 
computer generated with a fixed block 
size. No patient, investigator, or sponsor 
was aware of ffeaimcnt allocation until 
study completion (FiCUftE J), 

This study was conducted in accor- 
dance with the Declaration of Hel- 
sinki (qs amended, 1989), Tide 21 of 
the US Code of Federal Regulations, and 
Good Chnical Practice guidelines. The 
institutional review board at each cen- 
ter approved the protocol, and ^b* 
iecis provided informed consent be- 
fore enrollment. 

Efficacy and Safety Measurements 
Laboratorymeasurcmems for efficacy and 
safety were performed by SmiihiOinc 
Beeehatn Clinical Labotaiories (Van Nuys. 
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CaliO cm blood collected in the fasting 
state. Fasting p]q$magluc06cconccntrR- 
cioi]5» total cholestml, h^-dertaicy 
Upoproteincholesteiol (HDL-Q, and tri- 
glycexide levels were measured by an 
Olympus analyzer (Olympus Clinical lo- 
stnimemis Dtviston, Lake Success. NY); 
IcvelsofHhAic weremeasUTtd by ihe high- 
performance liquid chromatography 
method (Variam, Dio-Rad, Hercules, 
CaliO; G-peptidc by radioimmunoassay 
CDiagnosiic Products, Los Angeks, Calif); 
insulin by radicrimmunoassay (Unco Re- 
search Inc, St Chaises, Mo); fructosamine 
by colorimetric analysis CRoTAG finxctos- 
amine assay « Roche Diagnostic Systems , 
Indianapolis, Ixjd) ; and FFA by enzymatic/ 
colorimetric analysis (Wako Diagnostic, 
Richmond, Va) using a COBAS analyser 
(Roche DiagncrsucSysicms). Low-denslcy 
lipoprotein cholesterol (LDL-O 
tiations'werecsilmatBdfrom total dioles- 
tcrolandHDL-CdeuxnUnaiiansusingthe 
Friedewa]dcalculatioa.^^LactaDewasmea- 
suted fay enzymaticspxlrophotometric 
anal^is using m Olycripus analyzer 
(Olympus Oinical Instruments Diviaon). 

H$ti0uites. of insulin sensiiivity de- 
termined by homeostasis model assess- 
ment (HOMA-5) and BCF (HOMA-B) 
were calculated using PPG and imma* 
noreaccive insulin values, or C-pep- 
lide levels. HOMA is a mathematical 
model based on glucose and Insulin in^ 
icraction in different organs, includ- 
ing the pancreas, liver, and peripheral 
tissues." HOMA estimates of BCF and 
insulin sensitiviry were calculated for 
eachpardcipani's FPG and insulin, or 
C-peptide levels, and expressed rela- 
tive 10 Values in a lean, nondiabetic 
reference population aged IS lo 25 
years, HOMA-5 deicrminations of 
insulin scnsitiviiy or insulin resis- 
tance have been validated by compari- 
son with results of glucose clamp stud- 
ies J ^J* intravenous glucose tolerance 
tcsis,*^*" and continuous infusion of 
glucose with TTiodcl assessmeuL" The 
HOMA-B method has been validated by 
comparison with the intravenous glu- 
cose toleran-cc test and conrinuous in- 
fusion of glucose model assessment" 
Appbcation of HOMA has also been 
Used in epidemiological smdies.***** 



Safety, moniiorJjig included physi- 
cal examination, .vitAl sign assess- 
ment, weight measurement, electrocar- 
diogmm, advcise exp^eace queiy, and 
laboratoiy tests. 

Statistical iWethods 

The primary population for efficacy 
analysis was ihc intcntion-to-treat popu- 
lation, those wiih ai leasi 1 value while 
receiving therapy (last observation was 
carried forward in the case of missing 
data or early withdrawals). Etlicacy and 
safety pafatnctfirs were measured at base- 
line and after 26 weeks of treatment. 
Safety pan^meters were assessed based 
on week 26 data (without the last ob- 
servadon carried forwamd). 

Treatment groups were compared us- 
ing analysis oFcovBrianoe with terms for 
baseline, treatment, and center. The as- 
sumpiiODs of the statistical model were 
tested before application ThcLcvcne test 
of heterogeneity across treatments was 
applied at a significance level of (k = .01. 
It significant, the Shapiro-Wilk test of 
nonnormality (a b .01) was examined. 
Parametric analysis or nonparamctric 
analysis was used; depending On re- 
sults of test assumptions. If prospec- 
tively defined assumptions for paiamet- 



tic aculy^ vrtrz not met, the Wilcoxon 
rank sum test >va5 used. Pairwlse com- 
parisons to placebo used Dunnett mul- 
tiple comparison procedure to main- 
iainR2-5ided .05 si^iificancc level viddtin 
each patBmeicr. The statistical signiB- 
cancx of the within-group diange from 
baseline was tested by a paired t lesl or 
a signed rank tesL Safety parameters, in- 
cluding clinical laboratory tests, vital 
sigr^s, and body weight, were examined 
using 1-way anal}^ of variance. Scacis- 
lical analyses were performed using sta- 
tistical software (SAS/5TATSo/bvare, Re- 
lease 6. J2, SAS Institute Inc, Cary, NC). 

RESULTS 

Of 443 patients screened, 437 entered the 
ti [ration and maintenance period and ^ 
were randomized to treatment (Figure 
I). Most withdrawals were due to fail- 
ing to meet inchiaon ciiLeria (69.7%). 
Baseline characteristics were similar 
among treatment groups (Table 1). 
Fifiy-eighl paiienu withdrew before 
completion of the double-blind phase: 
22 From the placebo group and 18 from 
the 4-mg^d and 18 from the 8-mg/d 
rosiglitazone groups. Most participants 
withdrew because of adverse experi- 
ences or lack of cfBcacy (Figure 1). 



Table 1. te&llne Demographic and Metabolic Characteristics of Randomized Panenu 
(Intention- tD"tj^at Population) 



Basdtina ChBractBristios 


Metformin 
Hydrochloride 
and Placebo 


Metfomiirt Hydnochloride 
aAd Rosigntaasona Maldate 

1 1 

4 mgfti B mg/d 


Age, mean (SD). y 


sa.a (9.2^ 


57.5 oaa 


56.3(5.6) 


Sex,% 
Men 


74.3 


62.1 


68.2 


Women 


23.7 


37.0 


31 .8 


Duration of dtabalas'. mean (SP). y 


7.3C5.7) 


7.5 asja) 


6.3(5.3) 


Prior ireatmBnt % 
Diet and exsrcisa only 


4.4 


6.0 


4^ 


Oral monotharafjy 


46.7 


39.7 


43.6 


OraJ combiAaliCK^ thsspy 


46.8 




51.8 


BaseSne HbA,™ meaft (SCI). %• 




8.Q(1.d) 


6.9(1.5) 


Baaafna fastirig plasina glucose, 
magn (SD), mmol/Lt 


11.87(2,91) 


11.80(3.17) 


12.10 


Body mass Index, mean ©D). Kfl/im^ 


30^(4.^ 


30.2 (4.2) 


29.6 (3.9) 




eM 


60.2 


773 


Back 




0.0 


10.0 


OrHer 


15.0 


12.9 


12.7 



rnooonuartDrom iniifflcfcG06rliBrtomil!7Bn»pBrdacinartfvidttby0.055& 
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The meanHhAjJevelsdecreascd signifi- 
cantly from basetineinadose-dqpendent 
fashion in both rosiglitazone groups by 
0.56% in the^m^d and by 0.78% In ihe 
&-m^d rosig^tazone groaps. But the con- 
trol group txperienctd a siguificanl in- 
CTO5cinHbAielevds(0.45%) 0Figure2). 
Funhermorc, both rosigliiazonc groups 
had HbAic levels lower than those in the 
conn-ol group by 1 .0% in the 4-nig/d and 
X .2% in the 8-mg/d rosiglitazone groups. 
In contrast to results observed in the 
control group, the mean HbA^c levd$ 
in the rosiglitiizone groups decreased 
after week 4 and plaieaucd by week 18 
(FiCjURE 3). Thepercentagevhoflchieved 
a 1.0% ceductLoninHhAicOoncentradons 
was 32.S% in ihc 4-mg^d and 37.3% in 
cheS-mg^dTOSigJilazone groups and 7. 1% 
in ihe control group. 

Twcnty-fivc (29J%) or89 paiienis 
caking 8 mgAl of rosi^tazone achieved 
the largei HbAic control levels of 7.0%, 
and 51 padenifi (37-3%) m the $amt 
group achieved HbAic levels of 8.0%. 
or below tht American Diabetes Asso- 
ciaxion action poinL Yet only 7.5% of 
the patients in the control group 
achieved HbA,e levels oT 7.0% and 
35.P% achieved an HbAic-levcl of fi.0%. 

The mean baseUne fructosdmine lev- 
els of 341.73 pmol/Lin the control group 
increased by 123 pmol/L. But in (hcrosi- 
glilazone groups ihc levels decreased by 
27.9 pmol/L £rom 340.9 pmol/L in the 



4-ing^d group and by 36,8 i*moVL fvam 
pmol/L in the d-m^d group (ref- 
erence rangp, 200-278 pmol/L). 

Although the mean FPG conccntm- 
iLons did not change signiEcantly in the 
control group, they significantly de- 
creased in a dose-dependent order from 
baseline in both rosiglitazone gproups (1.8 
mmol/L [-33,0 tn^dL], 4-mg^d rosifil- 
itazone; —2.7 mmol/L [—48.4 tng/dL] , 
8-iTig/d-ro5igHta«onc; P<.0001). The 
mean FPG concentrations in both rosl- 
glilazDnje groups also had decreased com- 
pared with ilie control group (-2.2 
nunol/L |-39.8 mg^dL), 4-mB/d rosigl- 
itazone; -2.9 mmol/L 1-52.9 mg/dL], 
6-mg/d rosiglitazone; P<.0001} 
(Figure 4), Fuithamore, FPG concen- 
iraiions in both n>si|^ta20ne groups de- 
creased during the first 4 weeks, pla- 
teaued at 12 to 18 weeks, and remained 
Stable [herearier (Figure 5). Nine pa- 
tients (7-9%) in the control group, 25 
(21.6%) in the 4-mg/d and 33 00.0%) 
in the 8-mg/d rosiglitazone groups 
achieved FPG concentrations of less 
ihBn7.8 mmol/L (140 mg/dL). 

Effects on InsuFin Sensitivrty 
and BCF 

Adding rosiglitazone to maximum 
doses of metformin significantly in- 
creased HOMA-5 values. The median 
baseline HOMA-S values ranged from 
46.6 to 49.0 units. The HOMA-S val- 
ues increased dcsc-depcndcnily by 1.7 



Figure 3. Change rn Clycosylated Hemagiobin (HbAiO Uvds at Week 26'rn Patients TaUng 
Metformin Hydrodiloride and Rosiglitazone Maleate Compared Whh Taking AAetfiirmui Afone 
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units in the 4-mg/d and by 3.8 units in 
the 8-nig^d rosigliuzone groups com- 
pared wiih the conirol group. 

The metfonnin-rosiglitazone combi- 
nadon increased HOMA-B in a dosep 
dependent fashion- The median baseline 
HOMA-Bvahies ranged from32-5ro35.6 
UTU15 and were signiQcanily increased by 
10.3 CO 13.7 units in the rosiglitazone 
groups coiiq)ared with the control group. 

Other AAetabolic Effects 

iTi the control group, the insulin value 
decreased by 11.05 pmol/L from a base- 
line of 118.56 pmol/L after ireaanent 
(P = .03) and in the 4-mg/d and 6-mg/d 
rosiglitazone groups the insulin values 
respectively decreased by 12.98 pmol/L 
from .124.55 pmoVL (F = -01) and by 
31-07 pmol/L from 136.73 praol/L 
(P a .14). The C-pcptide values respec- 
tively decreased by 0.10 nmol/L from 
0.93 nmol/L (P<.001). by 0.07 nmol/L 
from 0.92 nmol/L (P « .01), and by 0.12 
ntnol/L frotn 0.93 nmol/L (P<.001). 

Mean total cholesierol-HDL-C, and 
LDL-C levels from baseline in boih rosi- 
glitazone groups achieved statistically 
significant increases in all treaUneni 
groups compared with the control 
group (Table 2). Total cholesterol— 
HDL-C ratios in the rosiglitazone 
groups were not signiHcandy differ- 
ent from those in the control group. 



P'tgum 3. Mean Change In Glycosylated 
Hemoglobin <HbAi,) Levels Over Time in 
Patients Taking Metfonnin Hydrochloride 
Alone Cornpared with Patients Taking 
Metformin and Rosiglitazone Maleate 
Combined 
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Changes in LDL-C levels were evalu- 
ated based OD those at baseline. In that 
analysis, wt identified 2 subgroups: 
those with levels lo>ver ihan 3,37 
mmol/L (<130 mg/dL) and those at 
that level or higher. We did not pro- 
vide P values for any of the subgroups 
because the values were not large 
enough for siaUstlc^l analyses and be- 
cause the subgroups were not random- 
ized, so signincance could not be es- 
tablished. In the lower subgroup, ihe 
median baseline LDL-C value ixx- 
creased by 0. 13 mmol/L (5 mg/dL) from 
2,59 mmol/L (100 mgf'dL) in 51 pa- 
tients in the control group. In both rosi- 
glllBzone groups, the LDL-C values in- 
creased by 0.54-mmol/L (21 mg/dL) 
from a median baseline value of 2.€9 
moiol/L (104-ms/dL) in 57 patients tak^ 
ing4-mB/'dand Eroin 2.64-inmol/L (102 
mg/dU in 60 patients taking 8-Tng/d, 
resulting in medians thai remained be- 
low 3.37 (<130 mg/dL) for aU 3 treat- 
ment groups. 

In the higher subgroup, the median 
baseline LDL-C value increased by 0.07 
mmol/L (3 mg/dL) from 3.78-mTnol/L 
(146 m^dL) in 30 paiienis in the con- 
izol group. In the rosiglitazone groups, 
the mecUan baseline LDL-C value in- 
creasedbyOJlminol/L(12 mg/dL) from 
3.72 nunoI/L (l+l-mg mg/dL) in 27 pa- 
tients uking 4-mg/d and by 0.34- 



mmol/L (13 mg/dL) from 4.20 mmol/L 
(162 mg/dL) in 20 paticnis taking 

Changes in triglyceride levels also 
were evaluated based on baseline val- 
ues, using 2 subgroups: those with lev- 
els lower than 2.26 mmol/L (<200 
mg/dL) and those with thai level or 
higher. In the lower subgroup, the me- 
dian baseline triglyceride values in- 
creased by 0.15 mmol/L (13 mg/dL) 
from 1.44-innLoI/L (128-mg/dL) in 52 
paUents in the comrol group. In the 
rosiglitazone groups, the median base- 
line triglyceride value increased by Q. \6 
mmol/L (15 mg/dL) from 1.67 mmol/L 
(l4fi -mg/dL) in 56 patients taking 
4-mg/d and by 0.07 mmol/L (6 mg/dL) 
rcom 134-mmolA- (119 mg/dL) in 55 
patients taking 8-mg/d. The treatment 
values in all groups remained less than 
2.25 mmol/L (200 mg/dL). 

In the higher subgroup^ the median 
baseline triglyceride values decreased 
by 0. 12 mmol/L (1 1 mg/dL) from 3.24- 
mmol/L (287 rog/dt) In 41 patients in 
the control group. In the rosiglitazone 
groups, the baseline median triglycer- 
ide value increased by 0.15 mmol/L (13 
m^dL) from 3.50 cnmol/L (3 10 mg/dL) 
in 43 patients taking 4-mg/d and de- 
creased by 0.72 mmol/L (64 mg/dL) 
from 3.16'mmoI/L (2Q0 mg/dL) in the 
8-mg/d rosighiazone group. 



Mean fasting lactate levels de- 
creased significantly in patients tak- 
ing both dose levels of rosiglitazone 
compared with those in the control 
group (4-mg/d rosigUtazonc^ P = .012; 
8-mg/d rosiglitazone, P = .002). Free 
laity acids CO acentwiitonS decreased sig- 
nificandy from baseline in both rosigl- 
itazone groups. (Table 3). 

Safety 

The percentage of patients with at least 
1 adveise event were comparable among 
each group (75.2%, 4-mg/d rosigl- 
itazone; 76.2%, d-mg/d roslgliLazonc; 
76.7%» control). The most frequently re- 
ported adverse events were upper respi- 
ratory tract infection, diarrhea, and head- 
ache. One death due co acute myocardial 
mfarclion occurred in the 4-m^d rosi- 
gliiazorve group bui was judged Co be un- 
related to study medication. Serious non- 
fa ul adverse events occurred in 5 (4.3%) 
of 1 16 patients in the control group and 
in 5 (4.2%) of 1 19 patients tn ie 4-mg/d 
and 5 (4.4%) of 1 13 patients in the 
&-m^d rosiglitazone groups, none con- 
sidcTcd related to study mcdicadoiL 

Symptomatic mild or moderate hy- 
poglycemia was reported by 2 patients 
in the control group and by 3 patients 
In the 4-Tng/d and by 5 patients in the 
8-mg/d rosiglitazone groups. No pa- 
ticni required third-party inierven- 



r«ure 4» Qiange in ^astlnfi Plasma Gucese (FPG) concentrations at Week 26 in Patients 
Taking Metformin Hydnjchbrfde and Rosiglitazone MaleBte Compared With Patients Taking 
Metfomifn Alone 



I 
I 

^ -BO- 



X 


WMi&isdkio 








r 










MOi 








p<m 




Mflttonnth 


MwlOfiiln 


and 


end 


and 










RodQlsBzonB 





Fl^re 5. Mean Fasting Plasma GlliCOSe 
<FPG> Concentrations Over Time (n Patients 
Taking Metformin Hydrochloride Atone 
Compared With Patients Taking Melfonmin 
and ftoslglltazone Maleate 
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don OT hos^talizatiaii, but the meif or- 
mii) dose was reduced from 2.5 g/d to 
2.0 g/d in 2 parienis. No one withdrew 
because of hypoglycemia, and there 
were no bioi^hetnically docummied ia- 
sunces of FPG levels ofleas than 2.76- 
nmiol (<50 mg/dL). 



Both TosigUtazone groups experi- 
enced small but statistically signifi- 
cant decreases in hemoglobin and 
hemaiocti I levels, which occurred pri- 
marily during the first 12 to 16 weeks 
oflreacmentf after which values for both 
parameters increased slightly. The mean 



TahlQ 3, Change in Lipid Paiameteis From Baseline at Week 26* 



Upld Ptarameter 


Metformin 
HydTDCtiiorlde 
and Pfaacebo 


MetfOffnii Hydnichkirida 
and Rosiglitaziine MelBHtD 
1 1 
4 mM 6 mg/d 


Total OhOiastsTbl, mmaVL 
No. of polisnts 


113 


11B 


110 


Beaeline, rnostn (SD) 


5.32 {1 .02) 


$J2S (0,92) 


5.19 (1.2S) 


wesK 26. mBan (So) 


d.50 (1.03) 


5.98(1.05) 


6431 (1»41) 


Mean (SO) cnange Irom baselreT 


0.1B(O.B1) 


0.72(0.74) 


0.82(1.07) 


P valuei 


iX)1B 


<.0001 


<.0001 


Maan cffference from ptacebo 




0.53 


0.60 


Pvaluo§ 




<.0OO1 


<.0001 


KOL ChOidSieroi. mmoUL 
NOi of patlBnts 


112 


116 


110 


Baseine, rriean (SD) 


1.14 (0.22) 


i.ia(p.29) 


1.20(0.37) 


weeK 26, mean (SD) 


150(0.29) 






Arfoan (SD) ciiange bom baseOnBt 


0.08(0.14) 


0.13(0-19) 


0,16 (0.24) 


P value* 


<.000l 


<.0001 . 


<i3001 


(■"vol 1 uiiiamiua iiuiii ^JMsup^^V 




G.08 


0.1 0 


PvaiuQ§ 




.0002 


.0002 


Total (*Tolestero»-HDL raito 
No.ofpatidnts 


112 


'lie* • 


110 


SaseUnQ, mean (SC)) 


4.68 (1.37) 


4.62(1.19) 


A.56 (1.40) 


WMcSfi. meen^) 


4.79 (1.27) 


4.60(1.48) 


4.77(1.7^ 


Median ctiange from baseonot 


-0.015 


0.115 


0l130 




73 


.12 


.18 


Median difteranea riom placebg 




0.150 


0.16 


Pvakjgt 




.13 


.16 


LIlL Chotasterol. mmoU 
No. of patients 


104 


iob' 


102 


Baseline, maan (SD) 


3.03 (O'SB) 


2.09 10.76) 


2.91 (0,64) 


Woek 26. me^ (SP) 


3.13(0.97] 


3.46 (0.66) 


a4S (1.04) 


Mom (50) change from basBfinaf 


0-10(0.44) 


0.48 (OlSS) 


0.53 (0.76) 


PvaJuet 


.02 


<.000l 


<.00D1 


Moan dilTarenoe froo) placebo 




0.3B 


0.40 


PvallJB§ 




<i5Q01 


<.000l 


TrisiyoBrides, mmoVL| 
No.ofpaijenb 


113 


116 


110 


639eBn0.meBn(SD) 


2.77 (2.16) 


2-54 {1 .56) 


2.57 P.07) 


Week 26. mean (SP) 


2.78 (1.79) 


2.B2 (1.57) 


2.57 (i.ev) 


Mean (SD) c^anpe ftiom oassfnet 


0-009 (1.32) 


D.08 (1.35) 


-04)03(1 .72) 


Pvaluat 


.95 


.53 


.98 


Mesn difference Iitjm piecebo 




-0.06 


-0.10 






.73 


.56 



doo^y imaisifx. LDl^ fowK»TERy ipoproian: ana al|p«C. r»oi oopfcaWB. Dab ets roundad. 
T^BleuUBd on^ lOr paileru with bom B basG<^ and a uvaak 26 value. 
tsgn|fi69iDe lavei ia .oa. 
fiSgrtlScTics iMl b .0259. 

oorwen mgiycivido lovQia from irmmalBA ptt Hat id mai^ans por dsdher d^.i|dB by a0113. 



decreases in hemoglobin levels were 
^?.Q g/L in the ^mg/d and -^.0 gA. in 
the 8<mg/d rosiglitazone groups 
(P<.0001 for both groups), and mean 
decreases in hemalocrit were -L8% in 
the 4-mg/d and -2.5% in ihc 8-mg/d 
rosiglitazone groups (P<.000i forbolh 
groups). There were no significani 
changes in these parameters in the con- 
trol group. One patient in each rOsi- 
glliazione group withdrew because of 
anemia, and 1 pauentin tlie4-in^d rosi- 
glitazone group with low hemoglobin 
and hematocrii levels was withdrawn 
from the study after week 6 because of 
evidence of gastrointestinal tract bleed- 
ing, considered by ihc Investigator to 
be unrelated to the study medication. 

There were no significant changes 
from baseline 1^) vital signs or electro- 
cardiogram parameters in the rosi- 
glitazone groups compared with the 
control group. Although infrequent, 
edema was observed with greater fre^ 
quency in the rosiglitazone groups 
(2.5%. 4-mg/d; 3.5%, 8-mg^d) than In 
die control group (0.9%). No one with- 
drew due to edema. 

Those In the control group experi- 
enced a mean decrease (n body mass of 
1.2 kg from baseline, but those in the 
rosi^tazone grt^ups experienced a mean 
body mafs increase of 0.7 kg in the 
4-mg^d and 1.9 kg In the 6-m^d rosi- 
glitazone groups (P = .0001 for both 
groups). Ibere were no sigaificani dlf- 
ferences in waist-io-hip rados among 
groups. 

No One in the rotsiglitazone groups 
experienced elevations of alanine ami- 
notransferase (ALT) levek greater dian 

3 Umcs ihc upper limit of the refer- 
ence range. Mean changes in aspartate 
anrino transferase (AST), ALT, and to- 
tal bilirubin levels were similar in all 
groups, wiih a slight decrease ob- 
served in mean ALT (-1.9 U/L, con- 
trol; -1-9 U/L, 4-mg/d rosiglitazone; 
-3,4 U/L, S-mg/d rosiglitazone). Mean 
alkahne phosphatase decreased in all 
groups (-3.5 U/L, control; -12.0 U/L, 

4 mg/d rosiglitazone; -14.7 U/L, 8-mg^d 
rosiglitazone): the mean value fear all 
groups was within the reference range. 
Two padents in the control group were 
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noted vo Have livo- function tests for po- 
tential clinical concern (>3 dmes ihe 
upper limit of the icfereace range) -while 
in treatment. Both completed thestudy 
"With elevated transaminase values. 

This U ihc RtsL large, multicenter, clini- 
cal Cilal demons tradng the efficacy and 
safeiy of combined roslgUiazone and 
metformin rrtaimeni in paitcnls vdlb 
lypc 2 diabetes. The combination creai- 
meni of meifonnin and rosigilitazone sig- 
nificandy reduced HbAic and VPO COn- 
cenu-adons, in a dose-ordered ^hion 
compared with baseline and with met- 
formin alone. Conversely, treaimeni 
widimecfonnln was associated with sig*- 
niflcant increases in HbAu concentra- 
tian$, indicating that these agents 
complement each other to achieve op- 
tiwl glycemic control and confizming 
the clinical udlicy of metfonnin in com- 
binadon with a thiazoUdinedione drug,™ 

Consistent with the mechanisms of 
action of metformin and rosiglitazonc, 
the reductions in FPG concenira lions 
were propordonately smaller than those 
observed in HbAu concenlrations. 
Maximum doses of medormin decrease 
hepatic gluconeogcnesis, which prin- 
cipally afTects FPG concentrations, 
whereas rosiglitazone enhances insu- 
lin sensidvliy at ihc peripheral level and 
affects overall ghicose disposal, includ- 
ingposiprandial excursions. Because the 
relative contribution of posipiandlal 
ghicose on glycemic control depends on 
the magnitude of FPG concentra- 
tions,'' rosiglitazone may have an effect 
on postprandial hyperglycemia, as dem- 
onstrated dlrecdy In a rosiglf cazone trial 
that showed significant improvements 
In fasdngand posipmndial glucose con- 
cenrraUons and excursions.^ 

The complemeniary actions of com- 
bined mctforroin and rosiglitazone is 
further supported by ihc effects of rosi- 
glitazone on insulin sensitivity de- 
spite maximum doscs of metformin. 
Kosighcazone may provide added ^hm- 
peudc vqluc by reducing peripheral in- 
sulin resistance. While HOMA-S is an 
indirect method for determiniiig insu- 
lin sensitivity, these results arc consis- 



TaMe 3. Change In Pree Pat^ Add Levels at Week 26 (Compared With BaseQne and 
Metformin Hydiochloride and Ptaoebo)* 




Free Fatty Adds, mg/dl 






1 

Metformin and 
RnsiBliiBzertO Maieaio 




Mfitfomiin 
and Placebo 
(h-113) 


1 

4 mg/d 
(naiiSl 


1 

8 mg/d 
(h-110) 


Baseline, maan (SD^ 


ia.2G (7.75) 


18.39(7.56) 


10.44(6.000 


WtakM. mean {SOI 


id.ir(d.oeD 


1S.76(^1 


14.1$ (8.13) 


Changs Itam bawfria. mean (SDJt 


-0.09(7.66} 


-2£^ (6.6» 


^J30(7.B^ 


Pvalua$ 


.90 




<.0Q01 


Mean dlrrarenoa irom Dcntmi 




-2.62 


^.22 


P values 




D003 


<^01 


*Eilp$09 Ini^i;ziv not 9ppiicdbte • 

tCa}(Sii&lad Only rcr pdtients wfih bo^ b bssel^ wvl a wook 26 value. 
i5igiiirc?ffic9 tov^ ts .05. 
fiSlgrtfteance fawBf ts .0259. 



tcni with glucose-clamp studies using 
other thiazolidinedlone dru^,"-^'^ 

The improvements in HOMA-B with 
xneifbrmifi-rosigUtazonc treatment (not 
observed with medbrmin alone) were 
unexpected and introduce an impor- 
tant poienilaj ihcrapcuiic beneBi of rosi- 
glitazone. Although the escjicl mecha- 
nism underlying ihis improvement 
remains tobedeirmiined^ rosigliiazonc- 
mediated reducrions in glucotoxicity^ 
and lipotoxidty secondary to elevated 
concentrailons of circulating FFA or 
both'*-*' are candidate mechaniscns by 
which rosiglitazone may improve BCF. 
The effects of rosigUcazone on BCF and 
insulin sensitivity are consisten i with its 
eSects on long-term glycemic control and 
suggest that it may pc^sibly delay or pre- 
vem disease progression. 

Despite significant .increases in Loul 
cholesterol, HDL-C. aiidLDL-C widi die 
metformin-rosiglitazonetreattnentSi the 
total cholesterol»HDL-C rado, which did 
not change signiticandy^ may be a bet- 
ter predictor of cardiovascular out- 
come than either total cholesterol or 
HDL-C levels alone.^ Since this study 
not designed to assess long-term 
Upid effects, the long-icrm significance 
of these changes is unknown; however, 
patients with baseline plasma LDL-C lev- 
els lower than 3.37 mmol/L (<130 
m^dU remained lt:is than thatlcvd after 
therapy. No significant changes in tri* 
gjyceridc levels were noted in any treat- 
ment group, and segregation of patients 



into subgroups revealed nonsigniEcant 
increases in patients with basdine tri- 
glyceride levels lower than 2.26 mmol/L 
(<200 ing/dL). Among padents in die 
S-tn^d rosiglitazone group whose base- 
line was higher than 2.26 mmol/L (>2(X) 
mg/dL), there was a significant statisri- 
cal decrease observed (6^ mg^dL). The 
clinical sigm£cance oflipid level changes 
may be minimal, because lipid- 
lowcring therapy may be often admin- 
istered to patients with diabetes irre- 
spective of prior heart disease history 

Elevated FFA may play a role in the 
development of insulin resisignce, be- 
cause it is associated with increased he- 
patic glucose ouipuP**^ and may con- 
tribute to p-cell dysfunction via a lipo^ 
toxic cfTecL^-^^ Elevated FFA has also 
been linked to endoihelUil dysfunction 
and hypertension^*^ and enhanced 
platdec aggregation and co^guladon,^'-^ 
which may increase cardiovascular risk. 
Therefore metformin-rosigjli tazone treat- 
ment was significantly more effective in 
lowering FFA than the medbrmin alone. 

The weight gain observed in those re- 
ceiving metformin-rosiglitazone treat- 
men c taAy be 3ltributed 10 incrtuscd 
adipocyte difiereniianon,^* fluid reten- 
tion,"-^* or increased appetite.""^ De- 
spite weight increases, no stgnlTicani dif- 
ferences in waist-to-hip ratio among 
groups were observed, suggesting thai 
rosiglitazone treatment leads lo in- 
creased eneigy storage in subcu caneous 
adipose sites that are not associated with 



JAAAA. April 5. 2000— Vo) 284, No. 13 1701 



Downloaded from wwv.jamjuwm by VijjLyfcluiuni, on May 24» 2006 



PA(£68I70'RCVDAT6/7I2006 7:17:59 PM{EasteniDayli9t)tTimel*SVR:USPT0-EFM^^ 



06/07/06 16:46 FAZ 16192350176 

/ 



KUOB SAN DIEGO 



Iil069 



COMBINATION THEliAPYIN DIABETES 

increased caidiovascxdar lisk.^ The small 
decrease In hemoglobin and hemato- 
crit levels fl$sociaied wiih metfonnin- 
rosiglitazone therapy may relate lo 
plasma volume expansion derived from 
Quid retention and hemodiliition.'^ 

MeTfomun-roslgUiazone theiapy may 
be a safe alternative therapy to attain 
optimal glycemic conirol ^vhCTC mono- 
therapy has failed because the statis- 
, tically significant decreases in lactate 
levels associated with metformin- 
rosiglitazone treatment indicate that 
rosigUtazonc may comsci meiabolic ab- 
noimalities beyond redudr^ bypergly> 
cemia, and further suggest differing and 
complementary anions of meiformln 
and rosiglitazone; and ALT elevations 
greater than 3 times the upper limit of 
the reference range were not observed 
in either of the rosiglitazone groups. 

Insummary, combination metformin- 
rosigUtazone treatment is elective and 
safe iiiredudnghypei^glycemia in patients 
with type 1 diabetes. In paiienis whose 
fundamental abnormality is insulin re- 
sistance, such s combirialion raises the 
exddng possibiliiy of treating diabetes 
by targeting the underlying cause of the 
disease, rather than the iradiiional ap- 
proach of stimulating insulin secretioa. 
Nearly 30% of patients caking the com- 
bination therapy achieved HbAi^ levels 
of 7% or less. Tliis level of glycemic con- 
trol IS 3-foId greater than what was 
achieved among those cakingmetfonnin 
alone. Additional invesiiganon is needed 
to detenninc whether this combination 
will alter dielong-ierm risk of cardiovas- 
cular diseaseor delay diseaseptpgression, 
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Flgut«. Dose^Related Changes in Oral-Cecal Transit Tlme^ 




Change In indMduaJ oral-GBcar translctliras of 13 padenQ reoaMrv lonarterin methadone trestment after plaeebo and % era! mexhytnaftnncOTo doses (4 p«tienis in 
eadi dose gnxip). Squams represent me«n valuei 



methyhmltrexont levels. M«n (SD [range)) peak plasma level 
for the other 4 paQenis (1 from the 1.0 ing4tg grtiup and 3 from 
the 3.0 mgOcg group) was 17.6 (6.6 110-26)) ng^mL. 

Comment. Tertlaty opioid flniagpnists, such a? -oaloxonc, ctogs 
[h£ blood-brain barrier and reverse bodi the pain'-relievlng ben- 
efits and ihe adverse effects of opiates, Althou^ oral naloxone 
i^y relieve opioid^induced consclpaclon, the Uiciapcvidc index 
is very narrow,^ and naSoxone may induce opioid 'withdrawal 
^ymptonis. Many padenis receiving opioid pain nuadications face 
a difficult choice between burdensome adverse ef&cts or inef- 
ftctive analgesia. MediylnalLrexonc may ^low for more aggres- 
sive use of opioid analgesics with fewer adverse cCTccb. The low 
methybialticxone plasma levels ohservedla our study suggest chat 
this charged compound ^cts directly in the gut. Oral xmechylna]- 
trexone has potential clinical utilily in managing opioid- 
mduo:d constipation with miniznal advetse eOects. 

Chnn^u Yuan, MD, PhD 
Joseph F. f 035, MD 

t)q)araEiexits oJf Anesthefiia and Critical Gate 
Umvcrsiiy of Chicni^o 
Chicago, 111 

Fundlng/Supporfc Ttes wortc W3i$ vvpportcd in pvt by a grant from the interna- 
tiora] AriGsttiesta t^fiseArdi soetety. Maoonal Insiitu tos oF Health gmnts RDI CA7gD42 
and M01 RRD005&. Methyln«uticxone was ori^naDy fonrnilatBd and $ufase* 
queml/ modirted by faculty at the Unlvefslly of GhlcBfio. The University of Chi- 
cago and Drs Yuan and Foss stand to benett flnandalV from the fUrUttr dovel- 
opment of mcthylnafbExone. 
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antagontze^ loperamide-lnduced delay cf orooecal transtt Ofg D/i Scl, 108732: 
829-692. 
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CORRECTIONS 

tnconect Wonnn^and F oulmit c Symbol: fnThe Rational Onical Examtnatianm* 
Gtted "Does This Patient Have Carpal Tunnel ^ndrome?" published in the June 
21. 20dD. Issue of The JOURNAL {2dOO:2b33ii&-31 17>, dtere was inoorrBct word- 
ing tai the ebstnicL m ihe Condudon paragraph on pa^e 9<vi 0, the fim sencence 
ihould have ttiO, "HiTid iymp\otn &tsr*^, hypaJgcsia, and thumb abduction 
sbwngth testing arc helpful in csbiblfehin^ the otedrodiagnosis of CTS." Abo, In 
Table 2 on pa^es 3114 and 3115. the 'No. of Hands" columns should Intlude 
dagger symbols (t) Instead of asterisks O down the cdk;mn \q Indicate which stud- 
ies us^ stifajects [tistead of tndtvldual hands. 

Inconect Wording and Data Presentation and Omitted Acknowledgment In the 
Original Contribution entMed "Effect of Metfbmtln and RoSigHtazane Combina- 
tion Therapy In Padents Wfth Type 2 Diabetes MeUltus; A Randomized C^antrolled 
Trial' published in the ApHl 5. 2000, i»ue of the JOUHMAL (2000:263.-1695' 
1702), I n concc t wonfeig and incortact data presentafclan were printed. On page 
1695. in the "Resuhs" section of the Abstract, the sentence that read "26.1 % 
achieved a glycasytaied hemoglobin of less than 7%' $houid have read "7% or 
le«." Oft page 1^9, the iMt sentMoe in the -Clycomlc Control'' icction should 
h^ read "Nino patientt (7.9%) in die OOnbvl group. 25 (21 .6%) Sn the t-mg/d, 
and 33 GO.0%) In tho B-cn^d roslglitazonD groups achieved PPG conrentratioru 
of less than 7.8 mmol/L (1^0 mg/dU ' On page 1£99 In The "Other MetaboDc 
effects" section, in the pemi^tkiute paragraph, wh^h reports triglyoerlde fir^ 
ings, the phrase that read "In the raslgfltazone gtoopt, thz median t^astfne Iri- 
giyoerlde v^ue tncTBassd. . . by 0.07 mmol/L (6 mK/dU from U4*mmoVC (119 
mg/dL) hi 56 padents taking B-mg/d." should have riKid 'docroased by 0.72 mrvoi/i- 
(64 n\g/du from 9.16 mmol/L 060 m^/dU ih 37 patients taking 8 mg/d. " The 
lastservtme of the penulcimale peragfaph of the "Other Metabolic Effects" sec- 
tion was rcpoated from the prior paragraph and ^uld be deleted, in Table 2. the 
'^otalcholesterQl-HDL ratio" section shoukj not have been oonvtitMi to mrrtola. 
To cakulate the proper ratio, dMde the value* in that scdkjn by 0.0259- In the 
fboinoteof Ta)bte2, the choksitcrolconvcr^kin factor should have read "0.0259.*' 
On page 1701 in the "Comment" section bn the third oohimn. the line that read 
"Among patienb/n the B-mg/dnsiglitazone group. . . therewasasl^lcantslB- 
tmicaJ oecrease observeJ (.G.^^rti^aw shoukJ have rzsxS *(€4 mg/dL).' In ad- 
dition, SyMa K. Chal, PhD, should have been ind ixded m the acknoMledgmsnt tot 
her f Ignlflcant contnbuttorM to the preparation and tcvto" of the aitide. 
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